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Here are the 36 places on transport planes 
where Pesco PRECISION Equipment is used 


Ever since manual operation of aircraft mechanisms became inadequate, 
Pesco has been specializing in building fuel and hydraulic equipment for 
America’s commercial and military planes. 

From the days of the first hydraulic pumps to today, when you will 
find Pesco equipment in 36 places on our large air liners, the design and 
construction of this equipment has been guided by the exacting require- 
ments of the aircraft industry. Because plane performance and human 
lives have been at stake, there has been no compromise with top quality 
and performance. 

That’s why Pesco develcped “Pressure Loading” for hydraulic pumps, 
an exclusive patented feature that automatically compensates for wear 
and maintains highest operating efficiencies over a wide range of tem- 
peratures and altitudes. That’s why Pesco designs and builds its own 
electric motors ... so that all electric motor-driven units are an integral 
part of the hydraulic or fuel unit, insuring top operating efficiency. 
That’s why, today, America’s leading builders of jet engines have 
standardized exclusively on Pesco high-pressure fuel pumps. 

Take advantage of this engineering skill and “know-how”. All the 
facilities of Pesco . . . the largest manufacturers of specialized aircraft 
fuel and hydraulics in the world are at your service. 


KEY TO THE 
Pesco Precision Equipment 
indicated above: 


. Engine-driven hydraulic pump. 

. Propeller feathering pump. 

. Oil transfer pump. 

. Surface control booster pump. 

. Electric motor-driven hydraulic pump. 
. Hydraulic pressure relief valves. 

. Hydraulic flow equalizer. 

. Pressure reducing valve. 

. Engine-driven fuel pump. 

. Motor drive fuel transfer pump. 

. Fuel Booster pump. 

. Engine-driven vacuum pump. 

. Oil separator. 

. Suction relief valve. 

. Air pressure relief valve. 

. Electric Motor for Cabin ventilator. 


. Cabin heater fuel pumps. 


Vp PRODUCTS DIVISION 


WARNER CORPORATION 


11610 Euclid Ave. - Cleveland 6, Ohio 


MANUFACTURERS OF Eas SUPERCHARGERS 


» 4 | Vn, // | 

| My | 


Hot “‘Footing” for the Fury 


ent They fly °em hot and land ’em hot — wheels for super-strength, lighter weight 

that’s the way it is with the U.S. Navy’s new — Goodyear Single Dise Brakes for safe, 

jet fighter — the North American Fury! So it sure stopping power! No wonder so many of the 
: takes a super-tough team of tires. tubes, wheels newest, fastest aircraft are using Goodyear 
and brakes to handle this speedy ship. That’s products for safe, dependable operation. Want : 

why it’s equipped with Goodyear tires and all the facts? Then write: Goodyear, Aviation y 
¢ pump. tubes for extra stamina, longer life — Products Division, Akron 16, Ohio SS 
*S. Goodyear magnesium alloy or Los Angeles 54, California. 


AVIATION 
e think you'll like 
PRODUCTS “THE GREATEST STORY EVER TOLD” 
ator. , Every Sunday — ABC Network 


MORE AIRCRAFT LAND ON GOODYEAR TIRES THAN ON: ANY OTHER KIND 
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Wyman-Gordon—specialists in the vital forgings of the internal 
combustion engine since its inception—is today the largest producer 
of crankshafts for the automotive industry and of all types of forg- 


ings for the aircraft industry. | 


Be it crankshafts and other vital forgings for the piston type engines 


or turbine wheels and impellers for turbo jets—there is no substitute 


for Wyman-Gordon experience, 


Standard of the Industry for Wore Than Sirty Years 


WYMAN- GORDON 


Forgings of Aluminum. Magnesium, Steel 
WORCESTER, MASSACHUSETTS, U. S. A. 


HARVEY, ILLINOIS DETROIT, MICHIGAN 
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Engine fires are no accidental occurrence 
at the Kidde proving grounds! They're 
planned in advance, started by the hun- 
dred, in a B-26 power plant—fanned 
instantly into a roaring blaze by the 
artificial slipstream set up by the pro- 
peller of a second engine. 

That’s how we go about studying the 
speed and efficiency of fire-extinguishing 
agents—under conditions that closely 


The word ‘‘Kidde’’ and the Kidde seal ore 
trade-marks of Walter Kidde & Company, Inc 


Walter Kidde & Company, Inc. © 


"Engine fire will start in 10 seconds” 


approximate actual flight. CO,, MB, CB, 
DL, the Freons—we’ve timed the fire- 
killing speed of them all with split- 
second accuracy. 

That's just a part of Kidde’s research 
program—continuously carried on in the 
interests of safer flying. We’re always ready 
to place the results of our research at the 
disposal of government agencies, aircraft 


manufacturers and transport companies. 


211 Main Street, Belleville 9, N. J. 
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A Record of People 


News 


of Interest to Institute Members 


March 18 Date Set 
for Cleveland Meeting 


Fourth Annual Flight Propulsion Meeting at Hotel Carter to 

Cover Three Phases of Improved Turbojet Engine: High- 

Pressure Compressors, Turbines, and Improved Combustion; 

Turbojet Thrust Augmentation to Be Timely Topic for 
Engine, Aircraft Manufacturers. 


PARKED BY THE CLEVELAND-AKRON SECTION PROGRAM COMMITTEE under the 
chairmanship of John H. Collins, Jr., the Institute of the Aeronautical Sci- 
ences’ Fourth Annual National Flight Propulsion Meeting is scheduled for March 


18 at the Hotel Carter, Cleveland. 
The program, as tentatively designed 
at this writing by the Committee, is a 
logical extension of the Wright Brothers 
Lecture by Abe Silverstein, who spoke 
on the improved turbojet engine in 
Washington, December 17, 1948. 


>» Three Phases Covered—<As_pro- 
posed by the Committee, three phases 
of the improved jet engine will be 
covered by papers selected for the 
following topics: Aircraft jet engine 
compressors, gas turbines, and com- 
bustion. In addition, there is a pro- 
posed evening session to be devoted to 
jet engine thrust augmentation and 
controls—a National Advisory Com- 
mittee for Aeronautics session—which 
should prove to be a most timely 
topic for engine and aircraft manufac- 
turers. 


Under jet engine compressors, 
papers will range from high-pressure- 
ratio axial-flow compressors to multi- 
staged and supersonic compressors. 
High-pressure-ratio gas turbines also 
will be treated in the same session, ex- 
pected to be held in the morning. 


> Jet Engine Combustion—In the 
afternoon technical session, papers on 
turbojet afterburning, jet combustion, 
and ram-jet combustion (Bumblebee 


and Meteor) are proposed by the Com- 
mittee. 

Following dinner, the N.A.C.A. 
session in the evening on jet engine 
thrust augmentation and controls is 
expected to cover subjects on experi- 
mental studies of jet thrust augmenta- 
tion, automatic controls of the aug- 
mented turbojet, and performance 
comparisons of thrust augmentation 
methods. 
> Supersonic Flight Talk—The Com- 
mittee hopes to obtain a prominent 
speaker for the Luncheon to talk on 
the subject of supersonic flight. 

The Luncheon is expected to be held 
in the Carter’s Ball Room, while the 
technical sessions will be held in the 
Rainbow Room. 

A social hour, and possibly tech- 
nical displays, will be held in the 
Rainbow Room Terrace. 

Host for the meeting is to be Eugene 
E. Wasielewski, Chairman of the 
Cleveland-Akron Section. 

The Section’s Program Committee, 


who are working out the details of © 


this important gathering, are, in ad- 
dition to Chairman Collins, Ben 
Pinkel, Willson H. Hunter, H. Eller- 
brock, Mr. Wasielewski, and S. D. 
Black, the Section Secretary. 


5 


Wasielewski, 
Chairman of the Cleveland-Akron I.A.S. 
Section, will welcome Institute members and 
guests to the Fourth Annual Flight Pro- 
pulsion Meeting in Cleveland, March 18 


Welcomer: Eugene W. 


Mr. Wasielewski was elected Chair- ; 
man of the local I.A.S. section in 
October, 1948. He previously had been 
Vice-Chairman of the Section. He is 
a Mechanical Engineer of N.A.C.A.’s 
Lewis Flight Propulsion Laboratory. 


National Meetings 
Calendar 


Flight Propulsion 
Meeting, Cleve- 
land 


March 18 


Personal Aircraft 
Meeting, Wichita, 
Kan. 


|.A.S.-R.Ae.S. Con- 
ference, New York 


April 28-29 


May 24-27 


Annual Summer 
Meeting, Los 
Angeles 


July 20-21 


For details see page 41 
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Twelfth Wright Brothers Lecture: 
Silverstein (right) deliver the Twelfth Annual Wright Brothers Lecture in Washington, D.C., December 17. Mr. 
Silverstein, Chief of the Wind Tunnel and Flight Division, Lewis Flight Propulsion Laboratory, N.A.C.A., spoke on 


“* Research on Aircraft Propulsion Systems.” 


1949 


Approximately 800 top-flight aeronautical engineers and Scientists heard Abe 


OF THE AERONAUTICAL SCIENCES.) 


Stack, Bell, Yeager Awarded 
N.A.A. 1948 Collier Trophy 


President Truman, on the 45th an- 
niversary of the first powered airplane 
flight by the Wright Brothers Decem- 
ber 17, presented to the three men 
“‘most responsible’”’ for attaining super- 
sonic speeds in flight the Collier 
Trophy, one of the highest aviation 
honors. 
> Greatest Achievement—The three 
recipients were John Stack, Assistant 
Chief of Research, N.A.C.A., Langley 
Field; Lawrence D. Bell, President of 
Bell Aircraft Corporation; and Capt. 
Charles E. Yeager, U.S.A.F. 

The National Aeronautical Associa- 
tion, custodian of the Trophy, said in 
announcing the award that flight 
faster than sound was the “greatest 
aeronautical achievement since the 
original flight of the Wright brothers’ 
airplane” ia 1903. 

Mr. Stack, an I.A.S. Fellow, was 
cited for “‘pioneeriug research to deter- 
mine the physical laws affecting super- 
sonic flight and for his conception of 
transonic research planes.” 

Mr. Bell, an Associate Member and 
Member of the Council of the Insti- 
tute, was honored for ‘‘the design and 
construction of the special research 
plane X-1.” 

Captain Yeager was named as hav- 
ing, on October 14, 1947, ‘‘first achieved 
human flight faster than sound.” 


Big Air-Line Merger Agreement 
by Pan Am, American Overseas 


Agreement for one of the largest 
mergers in the history of aviation was 


concluded in the middle of December 
by Pan American World Airways and 
American Overseas Airlines. Details 
of the proposed merger, subject to 
approval by C.A.B., calling for trans- 
fer of all assets of American Overseas 
to Pan Am in exchange for P.A.A. 
stock, are expected to be completed in 
about 5 months 


> Voting Trust—Although the move 
would make American Airlines, which 
owns some 62 per cent of the capital 
stock of A.O.A., a major stockholder in 
Pan American, announcement of the 
agreement to the merger stated spe- 
cifically that American “has no plan to 
take part in the management of Pan 
American.”’ 

Stock received by American is to be 
placed in a voting trust reportedly 
consisting of three members—one 
nominated by Pan American, one by 
American, and the third a neutral 
member acceptable to both princi- 
pals. 

Slightly more than 20 per cent of 
the capital stock in A.O.A. is owned 
by American Export Lines. 


> Better Financial Position—Juan 
T. Trippe, I.A.S. Associate Member 
and President of Pan American, said 
that ‘‘the financial position of the car- 
riers would be strengthened and the 
opportunity of preserving a fair share 
of North Atlantic air traffic under the 
American flag would be greatly im- 
proved” and that “important operat- 
ing economies would be effected” as a 
result of the proposed merger. 

Pan American, which is taking de- 
livery on its first Boeing Stratocruisers 
would take over the eight Strato- 


( The full text of this paper will appear in an early issue of the JOURNAL 


cruisers ordered by American Over- 
seas, as well as the Lockheed Constel- 
lations and DC-4’s now operated by 
A.O.A., totaling 14 four-engined air- 
craft. 


Four 1.A.S. Members Elected 
by Stratos Corporation Board 


J. Carlton Ward, Jr., I.A.S. Member 
and Chairman. of the Fairchild Engine 
& Airplane Corporation board, was 
elected by the board of directors of 
Stratos Corporation, wholly owned 
subsidiary of Fairchild, to head the 
Stratos board. 

Together with Mr. Ward’s election, 
were the elections of Lawrence B. 
Richardson, Fairchild President and 
I.A.S. Fellow, as President, and My- 
ron B. Gordon, Associate Fellow and 
Fairchild Vice-President, Operations, 
as Vice-President of Stratos. 

F. Eugene Newbold, an _ I.A.S. 
Member and formerly with Ranger 
Aircraft Engines Engineering Opera- 
tions, was appointed General Manager 
of Stratos Corporation effective Janu- 
ary 1, 1949. 


Lebanon Steel Foundry 
New I.A.S. Corporate Member 


Lebanon Steel Foundry, which pro- 
duces carbon, low structural alloy 
and stainless-steel castings, is latest 
recruit to ranks of Institute of the 
Aeronautical Sciences corporate mem- 
bers. 


Lebanon Steel, which acquired 
rights to American use of British-de- 
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Chairman and Discussers: Dr. Clark B. Millikan (left), Chairman, Wright Brothers Lecture. 
of Mr. Stlverstein’s lecture were given by (left to right): 
Hazen, Director of Engineering, Allison Division, G.M.C.; Abe Silverstein; O. E. Rodgers, Manager of Development 


and Research Engineering, Aviation Gas Turbine Division, Westinghouse; and E. S. Thompson, Manager of Sales, 
Aircraft Gas Turbine Division, G-E. 


veloped secret Centri-Die process of 
centrifugal casting in permanent 
molds, gave an initial public showing 
in this country of the Centri-Die alloy 
steel castings. 


>» Primary Source—The Lebanon, 
Pa., company is one of the aviation 
industry’s prime sources of heat-re- 
sistant steel alloy castings for jet en- 
gines and other exacting applications. 


In recognition of its contribution to 
alloy steel development, the American 
Society for Metals conferred its dis- 
tinguished service award on William 
H. Worrilow, President of Lebanon 
Steel Foundry, during the 30th Na- 
tional Metal Congress & Exposition in 
Philadelphia. 


> Leader in Field—Known as a 
leader in its specialized field, Lebanon 
Steel has been a pioneer in American 
engineering and metallurgical re- 
search. During World War II it de- 
veloped the cast armor plate, which 
became the standard for armor-pro- 
ducing companies throughout the 
country. 


Recently, under exclusive licensing 
arrangement with Firth-Vickers Stain- 
less Steels Ltd., the company intro- 
duced the war-perfected Centri-Die 
process for centrifugal casting of 
superalloy ring components required 
in gas-turbine construction. 


Marquardt Aircraft to Use 
New High-Speed Tunnel 


Marquardt Aircraft Company has 
been in the process of moving from its 
Venice quarters to plant facilities 


NEWS 


totaling 26 acres adjacent to the 
Metropolitan Airport in Van Nuys, 
Calif. The administrative and tech- 
nical personnel have been at work in 
the new plant since late last year. En- 
tire move is expected to be completed 
sometime next spring. 

Test facilities at Venice will be used 
until March, at which time it is an- 
ticipated that a new high-speed wind 
tunnel for testing supersonic jet en- 
gines will be completed at Van Nuys. 
Marquardt Aircraft, which was er- 
roneously reported in the November, 
1948, issue of the AERONAUTICAL EN- 
GINEERING REvIEW to be a subsidiary 
of Aerojet Engineering Corporation 
instead of The General Tire & Rub- 
ber Company, the parent body of 
both, plans to increase its personnel 
from approximately 100 to 400 this 
year. 

The new Marquardt quarters were 
originally built by the Timm Aircraft 
Company and consist of seven build- 
ings with a total of more than 100,000 
sq. ft. covered floor space. 


Gifts to the Institute Collections 


Over 60 slides illustrating the 
history of aircraft up to World War I 
were received from Major Manfred 
Pakas. The earliest aircraft repre- 
sented was Henson’s Aeriel of 1842. 
A number of photographs, clippings, 
and over 30 books, including the Gold 
Star Album of Charles Blumenthal, 
New York, 1928, and the History of 
the 77th Division, 1919, were included. 
Dr. Alexander Klemin added 30 books 
to his previous generous gifts, includ- 


Prepared discussions 


E. S. Taylor, Professor of Aircraft Engines, M.I.T.; R. M. 


ing Ramsey’s Hydrodynamics, Lon- 
don, 1913, and the Jahrbuch fir 
Luftverkehr, 1924-1927. 


Technical reports were received 
from the Institute of Navigation, 
courtesy of Paul Rosenberg; the 
Cornell Aeronautical Laboratory, 
courtesy of Miss Elma T. Evans, and 
the University of California. A 
doctoral thesis by Richard Schamberg, 
The Fundamental Differential Equa- 
tions and the Conditions for High 
Speed Slip- Flow, was received from 
the California Institute of Technology 
through the courtesy of Dr. Clark B. 
Millikan and Miss Katherine Mc- 
Colgan. Tworeports on Airport Run- 
way Evaluation in Canada were re- 
ceived from Norman W. McLeod, of 
the Highway Research Board of 
Canada. 


Six technical bibliographies were re- 
ceived from the Bureau of Ships. A 
file of its Guide to Russian Scientific 
Literature was received from Brook- 
haven National Laboratory. Manuals 
of various airplanes were received from 
the Curtiss-Wright Corporation 
through the courtesy of William 
K. Ebel. Two copies of his Simpli- 
fied Introduction to High Speed Flight 
were received from Major T. F. Wel- 
don. 


Additional gifts were received from 
the Douglas Aircraft Company, Inc.; 
Pan American World Airways Sys- 
tem; Pennsylvania Aeronautics Com- 
mission; Herman Schoenen; San 
Francisco Public Utilities Commis- 
sion; Transcontinental and Western 
Air, Inc.; and U.S. Naval Aviation 
Supply Depot in Philadelphia. 
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Official U.S. Navy Photograph 
New Jet Self-Starter: AiResearch Tech- 
nical Assistant Florence Miller holds jet en- 
gine self-starter beside bleed-off version of 
gas turbine, compressed air from which is 


used to operate the starter. The 88-lb. tur- 
bine produces 65 equivalent hp. at sea level. 


AiResearch Develops First 
Jet, Turboprop Self-Starter 


The first successful jet and turbo- 
prop aircraft-engine self-starter has 
been developed by AiResearch Manu- 
facturing Company, Los Angeles, and 
the Navy Bureau of Aeronautics. 

New self-starter system eliminates 
use of cumbersome storage batteries 
or other heavy auxiliary power units 
outside the plane. System utilizes as 
its major component a newly de- 
veloped small gas turbine weighing 88 
Ibs. Highly compressed air is bled 
from this turbine to operate a high- 
speed air turbine starter unit, which is 
attached directly to the jet or turbo- 
prop engine. 
> Saving in Time—Rear Adm. Theo- 
dore C. Lonnquest, U.S.N., Assistant 


4 
< 
—GAS TURBINE ENGINE - 
PNEUMATIC STARTER — 


ae 


SHUT-OFF VALVE — \ 
FLOW LIMITER 
~ 
BLEED AIR 
> 
COMPRESSED 
ELECTRIC STARTER 
\—TWO STAGE RADIAL COMPRESSOR = 
COMBUSTION CHAMBER 
\_— SINGLE STAGE RADIAL GAS TURBINE, 


TO START GAS TURBINE ENGINES : | LEGEND. 
PRESS BUTTON TO ENERGIZE ELECTRIC 
2.0PEN SHUT-OFF VALVE AND 3SHP 
PNEUMATIC STARTER STARTS MAIN GAS i= MOT GAS 
TURBINE ENGINE |—— EXHAUST GAS 


Self-Starter System: AiResearch pneu- 
matic starter system for jet and turboprop 
engines. The high-speed air turbine starter 
unit is attached directly to jet or turboprop 
engine. 


ENGINEERING REVIEW 


Chief of BuAer for Research & De- 
velopment, an I.A.S. Honorary Mem- 
ber, said: “The development of this 
small, powerful turbine and the self- 
starter system for our jet engines is of 
the utmost importance. It will, of 
course,’’ he added, “‘be a great saving 
in time, equipment, and man power 
and, further, will make our jet planes 
all the more versatile.” 


Another advantage of the self- 
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starter system is that it will allow jet 
or turboprop aircraft to use out-o/-the. 
way bases not equipped to start their 
engines. It requires only a */,-hp 
motor and one storage battery for its 
own starting. 

The turbine engine that powers the 
starter also can be used for cabin pres. 
surization, air conditioning, heating, 
and deicing and to operate other power. 
consuming devices. 


.A.S. Newslines 


> J. Lee Atwood, President, North 
American Aviation, Inc., a Fellow, 
was given the Presidential Certificate 
of Merit by Assistant Secretary of Air 
Force Eugene M. Zuckert for his out- 
standing contribution to the war effort. 
> Turbine Engineer Guy E. 
Beardsley, Jr., has been appointed 
Turbine Development Engineer at 
Pratt & Whitney Aircraft Division, 
United Aircraft Corporation. An 
Associate Fellow, he had been Assist- 
ant Chief Engineer. 

> Honorary Membership . . . Dr. 
Lyman J. Briggs, I.A.S. Fellow and 
Director Emeritus of the Bureau of 
Standards, who has spent 49 years in 
technical service of the Government, 
received an Honorary Membership in 
the American Society of Mechanical 
Engineers at the society’s 69th Annual 
Meeting in New York. 

> No Red A-Bomb 'Til 50's . In 
opinion of Dr. Karl T. Compton, 
Chairman of Research & Develop 
ment Board, an I1.A.S. Fellow, the 
Soviet government would probably 
not have the atom bomb until ‘‘some- 
time in the 1950’s.”” Speaking of his 
new post, Dr. Compton said he ac- 
cepted it for a tour of duty for no 
longer than 3 years. 

> Immediate merger of the Air Force 
and Navy air arm was urged by James 
H. Doolittle, Honorary Fellow, to halt 
waste of “‘unnecessary billions” of de- 
fense dollars. Having two separate air 
forces violates the fundamental law of 
sound military organization, Doolittle 
added, writing in Air Force magazine. 


> Discounts Rocket Power . .. Dr. 
Hugh L. Dryden, Director of Aero- 
nautical Research, N.A.C.A., and 


I.A.S. Honorary Fellow, speaking at 
joint dinner of A.S.M.E. and its 
affiliate, American Rocket Society, 
said that, because of high fuel con- 
sumption, it is doubtful whether the 
rocket engine will find useful applica- 
tion as a principlal power ‘plant in a 
practically useful aircraft. 

> Wright Brothers Trophy ... Dr. 
William Frederick Durand, 89, Pro- 
fessor Emeritus of Mechanical Engi- 


neering, Stanford University, was first 
recipient of the Wright Brothers 
Memorial Trophy, which was pre. 
sented at the annual Aero Club dinner 
on December 17. Dr. Durand, an 
Honorary Fellow, is the dean of 
American engineers and helped estab- 
lish the N.A.C.A. The Trophy was 
founded by Dr. Godfrey Lowell 
Cabot of Boston, long active in avia- 
tion. 


> With Navy ...BruceG. Eaton, Jr, 
former Chief Design Engineer, Pilot- 
less Aircraft, Curtiss-Wright Corpora- 
tion, Columbus, is working with the 
Navy as Associate Director, Pilotless 
Aircraft Development Laboratory, on 
guided missiles. Mr. 
Associate Fellow. 


Eaton is an 


> Postponed ... Major Gen. Oliver 
P. Echols, Associate Fellow, pre- 
viously reported here as assuming full 
duties as Chairman of the Board, 
Northrop Aircraft, Inc., in December, 
actually is scheduled to take over this 
month, having in the meantime been 
re-elected President of Aircraft In- 
dustries Association to continue in 
that post until a successor is chosen 
by A.I.A. 


> Melville Prize Winner... The 1948 
Melville Prize Medal, given by the 
American Society of Mechanical Engi- 
neers, was won by Reginald E. Gill- 
mor, Vice-Chairman of the National 
Securities Resources Board, Washing- 
ton, D.C., for an original paper on an 
engineering subject, ““The World the 
Manager Lives In.” Mr. Gillmor, an 
Associate Fellow, formerly was Vice- 
President for Public Relations, The 
Sperry Corporation. 


>» Aids Rocket Study .. . Harry F. 
Guggenheim, an Honorary Member 
and President of the Dan‘el and Flor- 
ence Guggenheim Foundation, an- 
nounced that two national centers of 
jet and rocket propulsion study and 
research have been underwritten by 
the Guggenheim Foundation. Em- 
phasis will be on peacetime uses of 
rockets and gas turbines. One center 
is at Princeton and the other at Cal 
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Tech. Fund of $500,000 has been set 
aside for the use of the researches. 


» With Smith-Morris Company... 
Thomas N. Kelly, Associate Fellow, 
former Project Engineer—Jet En- 
gines, Continental Aviation & Engi- 
neering Corporation, has been working 
at Smith-Morris Company as Chief 
Engineer and General Manager for 
the past several months. 


>» Merited...J.H. “Dutch” Kindel- 
berger, Chairman of the Board of 
North American Aviation, Inc., was 
presented with the Presidential Cer- 
tificate of Merit for outstanding con- 
tribution to the war effort early last 
December. Mr. Kindelberger, a Fel- 
low, said the award was a reflection of 
the outstanding effort of many thou- 
sands of North American’s employees. 


» Teaching in Vienna ... Dr. Leo 
Kirste is Professor for Light Struc- 
tures, Technical University, Vienna, 
Austria. Dr. Kirste is an Associate 
Fellow-and has been at Technical 
University since 1937. 


>» Land Decorated .. . For his out- 
standing services in promoting cause 
of Norwegian-American _ relations, 
Emory S. Land, President, Air Trans- 
port Association and I.A.S. Fellow, 
was presented with the Commander's 
Cross with Star of the Royal Order of 
St. Olav. 


>» F.S. F. Representative... Eugene 
W. Norris, former Vice-President— 
Engineering, Luscombe Airplane Cor- 
poration, has been Washington Repre- 
sentative of Flight Safety Foundation 
for the past several months. 


> Heads Speakers . .. Del W. Rent- 
zel, C.A.A. Administrator and I.A.S. 
Honorary Member, heads the group 
of outstanding speakers addressing 
third Air Transportation Institute 
meeting currently conducted by The 
American University. Meeting, which 
began January 18 and carries through 
February 11, is presenting an inten 
sive curriculum on vital issues in air 
transport field for officials and future 
executives. 


> Administration Watchword 
“Remember Pearl Harbor”’ is the Ad- 
ministration’s watchword in making 
military and diplomatic decisions, 
Secretary of Air Force W. Stuart 
Symington, I.A.S. Honorary Member, 
said in speech before Norfolk (Va.) 
Association of Commerce on seventh 
anniversary of Japan’s attack on Pearl 
Harbor. Unification of armed services 
was major lesson learned from the dis- 
aster, he declared. 


> Awarded Fraternity Medal... 
Walter G. Vincenti, Associate Fellow, 
received the Pi Tau Sigma Gold Medal 


SUBSONIC ZONE EXPLORER 
Newest research aircraft, X-4, built by Northrop Aircraft, Inc., is one of the smallest planes 


ever built for the U.S. Air Force. 


Intended to explore flight characteristics in the subsonic 


zone, elaborate N.A.C.A. instrumentation will recordresults of tests on the plane, which is 


about 20 ft. long and has wing span of approximately 25 ft. 


Controls are patterned after 


Northrop Flying Wing, in that it uses “‘elevons’’ built into trailing edge of the wing, while 


single vertical fin and rudder provide lateral stability and control. 


New plane has pilot 


ejection seat and tricycle landing gear and is powered by twin gas turbines. 


Award for 1948 at the Annual Dinner 
of the A.S.M.E. in New York City on 
December 1. 

> Honorary Professor .. . Dr. Theo- 
dore von Karman has been named an 
Honorary Professor of Mechanical 
Engineering at Columbia University. 


He is the third person in the univer- 
sity’s history to receive the honor. 
Dr. von Karman, an Honorary Fellow, 
also received in person the John Fritz 
Medal, December 1, for which he was 
cited last February at the A.S.M.E. 
meeting in New York. 


| 
Corporate Member News 


e Adding Production Space . . . Airborne 
Iastruments Laboratory, Inc., has ac- 
quired 10,000 sq.ft. of production space in 
a building located at 61 Second St., Min- 
eola, L.I. Obtained on a 5-year lease, 
additional space will be used to house the 
Lab’s Engineering and Production Divi- 
sion and will be occupied early this year. 
Airborne, which also is building a $250,000 
research lab at Plainview, L.I., on a 72- 
acre tract purchased early in December, is 
placing increased emphasis on production 
activities following an internal reorganiza- 
tion. Staff has increased to 330 persons. 


Economy Program... A far-reaching 
economy program is being put into effect 
by American Airlines, concurrent with the 
tapering off of its training program and 
standardization of several plane types. 
American, which made an agreement with 
Pan American World Airways for a merger 
of its international division, - American 
Overseas Airlines, with P.A.A., expects to 
make money this year, with break-even 
factor dropping to 50 per cent this spring 


. .. American has sold its office building at 
910 S. Boston St., Tulsa, to a Providence, 
R.I., realtor in line with policy not to 
engage in real-estate business. Company 
now is a tenant of the Albert Gould firm, 
purchaser of the building. 


@ Regains Postwar Losses . . . Beech Air- 
craft Corporation’s annual statement for 
fiscal 1948 shows company earned enough 
after taxes to balance its previous postwar 
net losses and come out $168,228 ahead of 
its 1945 financial position, as adjusted by 
renegotiation. Net income for 1948 was 
$2,213,626, compared with aggregate 
postwar net losses of $2,045,398 incurred 
in the 1946 and 1947 fiscal years. Net 
sales for 1948 were $24,141,120 compared 
with net sales of $26,211,411 for fiscal 
1947. 

© Bell Aircraft Corporation, with sales at 
$10,907,943 for 9-month period ended last 
September 30, compared with $10,645,705 
in same 1947 period, reported a net loss of 
$412,531. Net deficit for previous year was 
$381,163 in like period. Costs, including 
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SILICONES 
Flying Jennys to Jets 


In the days of the flying Jenny and 
the cow pasture airport, comfort was 

. a luxury few airmen had time to con- 
sider. Keeping out of the tree tops 
was a more constant problem than 
keeping fingers from freezing. But in 
the sleek new airliners, passengers 
expect drawing-room comfort. That 
requires creative engineering because 
both high and low temperatures are 
involved and only such relatively new 
materials as the Dow Corning Sili- 
cones can take both extremes. 


PHOTO COURTESY ARROWHEAD RUBBER CO, 
Silastic*-coated glass cloth heating duct 


seals long time ex- 
posure to operating temperatures between 

350° and 400° F. in new Consolidated 

Vultee Convair-Liners. 
In designing the new Convair-Liner, 
Consolidated’s engineers faced heat- 
ing and ventilating duct conditions 
that would frizzle any conventional 
material; maximum. temperature 
450° F.; operating temperature, 350°- 
400° F.; internal air temperature, 
250°-350° F.; internal pressure, 10 in. 
of water; misalignment, 4 to 14 inch; 
vibration from mild to extreme. 


That’s the problem Consolidated pre- 
sented to Arrowhead Rubber Com- 
pany of Vernon, California. Engineers 
at Arrowhead solved this problem 
with a Silastic tube reinforced with 
glass cloth. Arrowhead also uses Sil- 
astic,* the rubber-like silicone by 
Dow Corning to produce duct seals 
that have high performance records 
at temperatures from —89° to 450° F. 
and under pressures up to 150 p.s.i. 
in the newest type jet planes. 

For the properties of Silastic phone 
our nearest branch office or write for 
pamphlet No. F5-S. 


TRADE MARK REGISTERED U. S. PAT. OFF. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Allania « Chicago Cleveland Dallas 
New York e Los Angeles 
in Canada: Fiberglas Cai Lid., Toronto 


In England: Albrigh? and Wilson, Lid., London 


LING 
development and experimental and de- 
preciation, were $12,210,674, compared 


with $12,262,782 in 1947 when a carry- 
back tax refund*of $945,000 was received. 


®@ Special Year-End Payment .. . Bendix 
Aviation Corporation paid a special year- 
end dividend of $0.50 a share and a quar- 
terly dividend of $0.50 December 29 to 
shareholders of record on December 10. 


@ B-50 Flies 9,400 Miles in Refueling 
Flight . . . A 9,400-mile flight was com- 
pleted by a Boeing Airplane Company B-50 
Superfortress during which it was refueled 
three times in mid-air from tanker B-29’s. 
Plane flew from Ft. Worth, Tex., to Ha- 
waiian Islands and back in slightly more 
than 40 hours. “A sizable useful load of 
bombs”’ was dropped at the halfway point 
to illustrate possible effectiveness of flight 
refueling technique on long-range missions. 
B-50 is one of 390 in the new series of B-50 
or B-54 types either already delivered or 
under construction. Even with normal 
fuel supply, says, the B-50 is 
capable of carrying a 5-ton bomb load 
6,000 miles. 


Boeing 


@ Air Force Orders Cessna 195’s 

Cessna Aircraft Company received a firm 
order from the Air Force for about $400,- 
000 worth of Cessna 195 aircraft and spare 


parts. Service designation of the 195 is 
LC-126A-CE. 

® New Type Thermal Anti-Icing Ap- 
proved ...C.A.A. has approved a new 


type thermal anti-icing system for Convair- 
Liner, according to Consolidated Vultee 
Aircraft Corporation. System utilizes heat 
from exhaust gases. Outside air first is 
drawn round engine and the heated air is 
further heated by being ducted round aug- 
mentor tubes, after which it is ducted to 
wing and tail leading edges. Tests in 
Pacific northwest demonstrated system’s 
ability to satisfactorily prevent ice and re- 
move it. It also functions satisfactorily on 
one engine. 


@ Engine research plant in Detroit has 
been sold by War Assets to Continental 


Motors Corporation for $126,000. Con- 
tinental had been leasing the plant. 
@ Lends Engineers to Boeing .. . A lend- 


lease program is bringing aviation engineer- 
ing talent from Curtiss-Wright Corpora- 
tion, Columbus, to temporary assignments 
with Boeing’s Seattle plant. Short of ex- 
perienced, qualified engineering personnel, 
Boeing has borrowed 45 of C-W engineers 
with 30-40 more expected to go west. 


New Air Force Trainer .. . The XT-30, 
new Air Force trainer, which was com- 
pleted in mockup stage by Douglas Air- 
craft Company, Inc., in the middle of last 
December, is an experimental single- 
engined model with conventional low wing, 
powered by Wright R-1300 engine rated 
at 800 hp. on take-off. Engine location is 
immediately aft of cockpit and drives 
prop by shaft under the cockpit floor. 
Plane will have top speed of 286 m.p.h. at 
10,000 ft., endurance of 6!/, hours at 190 
m.p.h., and service ceiling of 29,600 ft. 
Design gross weight is 5,999 Ibs. Wing 
span is 36 ft. 4 in.; length, 36 ft. 91/2 in.; 
height, 13 ft.6'/2in. Tricycle landing gear 
and tandem seats are provided. Contract 
provided for engineering and mockup. 
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@ G-E Opens New Research Unit . .. 
Heart of a new $18,000,000 research lab 
was opened by General Electric Company 
December, 
Expected to be completed in 1950, new 
lab will be for fundamental, as well as prae. 
tical, research, one of the biggest projects 
being “Operation Cirrus,’’ in which na. 
ture of clouds is being studied. 

@ New Goodrich De-Icer . . . An aircraft 
deicer capable of overcoming severe icing 
conditions in the narrow intake of a jet 
engine—one of greatest headaches in super- 
sonic flying—has been developed by the 
aeronautical division of The B. F. Good- 
rich Company. Utilizing electrically 
heated rubber—a thin, tough rubber with 
core of resistance wires running through it 
—Goodrich engineers fabricated a special 
rubber lining for the jet diffuser cowl, 
through which air flows to the combustion 
chamber. 


@ Pays Dividend . . . Grumman Aircraft 
Engineering Corporation, on December 
21, paid a $1.00 dividend on the common 
to shareholders of record on December 11. 
Total dividends paid for year was $2.00a 
share, $0.50 more than in 1947. 


@ Aerol Bought by Lockheed . 
Aerol Company, Los Angeles, makers of 
hand trucks, wheels, casters, and newly 
developed watertight wheel, has been pur- 
chased by Lockheed Aircraft Corporation. 
Company is continuing under its own name 
as a division of Lockheed’s wholly owned 
subsidiary, Airquipment Company. 


The 


e Air Force to Get Ten More Flying 
Wing Jets . .. New Air Force order calling 
for converting ten more prop-driven B-35 
Flying Wing aircraft to jet propulsion has 
been received by Northrop Aircraft, Inc. 
Conversion work will require about 1 year, 
work being done at Northrop factory at 
Hawthorne. 


@ Pan Am Gets 20th Convair-Liner .. . 
Pan American World Airways took de- 
livery of the 20th and final Convair-Liner 
type Clipper from Consolidated Vultee 
Aircraft in December. Ferried to Miami 
from San Diego, the Clipper that completes 
the $10,000,000 order will enter service on 
Pan Am’s Latin American routes in the 
Caribbean area Centralization of 
P.A.A.’s system-wide Clipper maintenance 
in Miami has resulted in sharp increase in 
size of Pan American’s “family” at the 
Florida gateway city. In addition to hir- 
ing hundreds of new workers in the state, 
P.A.A. has transferred 150 employees from 
other cities—128 from New York alone. 

@ Streamlined Engineering . . . United 
Air Lines, Inc., has streamlined its engi- 
neering setup by regrouping all divisions 
of maintenance and engineering and coi- 
solidating important engineering functions. 


Under new organization, four engineering 


executives at Denver base are now at San 
Francisco, where each is in direct control 

. U.ALL: has concluded an interline air- 
cargo agreement with British Overseas 
Airways Corporation. 


@ Ultrasonic “Stethoscope”. . . Enabling 
engineers to examine solid pieces of steel 
by means of sound waves, an ultrasonic 
“stethoscope” has been devised by West- 
inghouse Electric Corporation. With new 
technique, ultrahigh-frequency sound 
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REVERSING PROGRESS 

Curtiss-Wright demonstrates how ‘‘revers- 
ing’ of plane’s propellers in flight “brake” 
the speed of a multiengined airliner and en- 
able it to descend during emergency or pro- 
cedure letdowns safely in less than half the 


time formerly required. Two four-engined 
aircraft—a C-54 equipped with reversible 
propellers (smoke trail) and a DC-4 using 
conventional props—flying together at an 
altitude of 15,000 ft., were suddenly in- 
structed to make emergency landings. The 
C-54, utilizing its reversible props, dropped 
at a 40° angle at a rate exceeding 10,000 ft. 
per min. to make a quick landing, while 
other plane had to wind its way down in the 
usual circles. 


waves are transmitted through massive 
steel parts. By using a crystal similar to 
that in phonograph pickup arms, electrical 
impulses are changed into sound waves. 
Projected through metal, sound waves 
reveal tiny cracks, cavities, or foreign 
particles and reflect sound back to crystal. 
Changed into electrical impulses, these re- 
flections appear as bright vertical lines on 
viewing screen of electronic receiver. By 
measuring time it takes sound waves to go 
through metal and bounce back to crystal, 
metallurgists find exact location of any 
flaw. When flawless throughout, sound 
waves reflect from opposite side of object. 
Reflécted sound reveals quality of metal as 
accurately as an X-ray, while penetrating 
thicknesses X-rays cannot reach . . . West- 
inghouse is rushing construction of world’s 
brightest lights for installation by U.S.A.F. 
at German airports used in Berlin airlift. 
A six-light system will be installed at each 
of seven airports, including Tempelhof, to 
reduce fog, snow, and rain hazards. 

®@ The Wright Move . . . Wright Aero- 
nautical Corporation’s sales and field engi- 
neering office on the West Coast has been 
moved to 6030 Wilshire Blvd., Los Angeles 
36. Company’s service representatives 
remain at Grand Central Air Terminal. 


ILA.S. NEWS 


Necrology 


W. J. Blanchard 


Werner J. Blanchard, General Man- 
ager of Aeroproducts Division, Gen- 
eral Motors Corporation, was killed in 
an airplane crash on December 6, 
1948. Mr. Blanchard, age 48, had 
been a Member of the 1.A.S. since 1943. 
> In Aviation 21 Years—At the time 
of his death, Mr. Blanchard had spent 
some 21 years in the aviation industry, 
beginning. with the Curtiss-Wright 
Propeller Division as an Engineer. 

He was President of Blanchard & 
MacNeil (1936-1937) and of Engi- 
neering Projects (1937-1940) before 
accepting the post of General Manager 
of Aero-products Division in 1940. 

At the Curtiss plant he was in 
charge of development of the Curtiss 
controllable-pitch propeller and hub. 
At Blanchard & MacNeil and, later, 
at Engineering Projects, Iac.,- he 
directed the development of the pro- 
peller blade and hub designs that are 
manufactured by Aeroproducts Divi- 
sion. 

Mr. Blanchard was graduated from 
Kansas State College in 1924 with a 
B.S. in Mechanical Engineering. He 
was a member of the Society of Auto- 
motive Engineers and the Engineers’ 
Club, Dayton. 


John Rogers 


John Rogers, Works Manager and 
Process Engineer for aircraft work at 
Metlab Company, metallurgical labo- 


ratories, Philadelphia, died November 
29 at the age of 44. He was Secretary 
of the Philadelphia Section. 


> British Born—Mr. Rogers, born in 
Nottingham, England, in 1904, was 
brought to this country in 1905. He 
was educated at Cheltenham High 
School, Drexel Institute, and Temple 
University. 

In 1934 he was employed at the 
Metallurgical Laboratories, working 
on heat-treating of aircraft compo- 
nents. Next, he became an Instructor 
in Aircraft Mechanics at the Rising 
Sun Aircraft School in Philadelphia, 
where he remained 2 years, subse- 
quently becoming an Instructor at the 
State Trade School, Conn., in Aircraft 
and Aircraft Engine Mechanics. 


In September, 1939, he returned to 
the Rising Sun School in Philadelphia 
to become Instructor and Director. 
During the war he was Civilian 
Director, Army Air Forces Training 
Detachment at Rising Sun School; 
Supervisor—Engineering, Science & 
Management, War Training Program 
Temple University; and Supervisor 
of Method, Platt-LePage Aircraft 
Company. He joined Metlab as Proc- 
ess Engineer in May, 1945. 


He was a member of the American 
Society of Metals, the Franklin In- 
stitute, the American Management 
Association, and the Masonic Order, 
as well as of the Institute of the 
Aeronautical Sciences. 


|.A.S. 


Cleveland-Akron Section 
Dr. S. D. Black, Secretary 


With 150 members in attendance, 
Vice-Chairman O. W. Loudenslager 
opened the November 23 meeting at 
which Dr. G. L. Shue, Chief of Aero- 
dynamics, U.S. Naval Ordnance Lab- 
oratory, White Oak, Silver Spring, 
Md., was the principal speaker. 


> Tunnel Techniques—Title of Dr. 
Shue’s talk was ‘‘Tunnel Techniques 
and Experiences at the New U.S. 
Naval Ordnance Laboratory Super- 
sonic Tunnel Test Facility.” It was 
followed by an inspection tour of the 
Guggenheim Airship Institute, Akron, 
where the meeting took place. 


Sections 


Dayton Section 
W. A. Barden, Secretary 


‘Psychological Research Applied to 
Aeronautical Engineering Problems” 
was the subject of a talk presented by 
Dr. P. M. Fitts, Chief, Psychology 
Branch, and Dr. W. F. Grether, Chief, 
Cockpit Unit, both of the Aero Medi- 
cal Laboratory, Wright-Patterson Air 
Force Base, at the December 2 meet- 
ing; Lt. Col. A. A. Arnhym, Chair- 
man, presided. 


> Psychology and Instruments—Dr. 
Fitts described in considerable detail 
the work of the Psychology Branch in 
studying accidents resulting from pilot 
(Continued on page 13) 
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AERONAUTICAL 


STANDARDIZED UNITS 


designed 
for AIRCRAFT 


and 


INDUSTRIAL 
APPLICATIONS 


ANGLgeear units are standard- 
ized right angle bevel gear 
drives which are suitable for 
use in either manual or power 
operated systems. They are spe- 
cifically designed for the exact- 
ing requirements of the latest 
military and commercial air- 
craft but are applicable to many 
high grade industrial applica- 
tions which require capacity, 
precision and durability beyond 
the limitations of commercial 
products. Anglgear units are of 
simple construction but com- 
bine high load capacity and 
service life with low weight. 


25 MONTGOMERY STREET 
HILLSIDE 5, NEW JERSEY 


Western Representative 


JAMES L. ADAMS & CO. 
LOS ANGELES 6 
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Meet Your Section Chainman 


O. J. Schaefer 


Baltimore Section 


Oswald John Schaefer got into 
aeronautics by an accident of acoustics 
—enrolled in a chemical engineering 
course at the Uni- 
versity of Michi- 
gan, the profes 
sor’s voice, by the 
time it reached 
the Schaefer ears 
in the back row, 
was so faint as to 
be inaudible 
Having endured 
this intolerable situation as long as he 
could, the budding chemical engineer 
switched to an aeronautical engineer 
ing course, and what was chemistry’s 
loss is aviation’s gain. 

Today he is Assistant to the Vice 
President of Engineering of The Glenn 
L. Martin Company, on whose staff 
he has remained for the past 19 
years. 
> Son of Glassmaker—Born in Han 
nover, Germany, in 1904, Mr. Schaefer 
is the son of a famous maker of scien 
tific glass instruments. His father 
still eperates his own plant in Detroit 

the family having migrated to this 
country in 1911. By 1916, they were 
as far west as Ann Arbor, Mich., where 
young Schaefer went to grade and high 
schools 

During his high-school days, the 
boy learned glass blowing, helping his 
father in his vacations. 

Also, by the time he left high school 
and entered the University of Michi- 
gan, he was a pretty good violinist 
and augmented his finances by sawing 
fiddle in a theater pit or with a dance 
orchestra, helping to put him through 
college. 
> Doubles in Brass—Following his 
graduation in 1927 with a bachelor’s 
degree in aeronautical engineering, 
Mr. Schaefer went to work with the 
Hess Aircraft Company, Wyandotte, 
Mich., which made and sold small 
airplanes. Never, however, did it 
make enough to keep out of the red, 
and young Schaefer had to double 
in brass. In the front office he de 
signed planes and parts, then he 
whipped into the factory to build what 
he had so carefully thought up. 

The first plane Mr. Schaefer worked 
on was later entered in the famous 
Dole race from California to Hawaii. 


The pilot started out all right but soon 
turned back, saying he had run intoa 
storm. 

A few years later, the Hess company 
was moved to Alliance, Ohio, becoming 
the Alliance Aircraft Company, de. 
signers and builders of small airplanes 
and engines. One day the wolf came 
in the door. 

Mr. Schaefer and another man were 
doping a wing when a stranger en- 
tered and demanded his name. Mr, 
Schaefer gave it, together with the in- 
formation that he worked there. ‘‘Not 
any more,’’ the stranger informed the 
engineer. “I’m the _ sheriff. This 
place is closed up.” 
>» Seeks Permanence—It behooved 
Mr. Schaefer, who had been married 
in Alliance in 1929 to Miss Lucile E. 
Eddleblute of that city, to get ona 
payroll with more permanent charac- 
teristics, and out of several opportuni- 
ties he chose The Glenn L. Martin 
Company, which he joined in 193 
shortly after the plant was moved to 
Middle River. 

Coming in as a draftsman, he lasted 
one day at the job. Another Hess 
alumnus, Drew Helwig, who had pre- 
ceded Mr. Schaefer to the Martin com- 
pany, told his boss that Mr. Schaefer 
was a whiz as a stress engineer, and on 
his second day there he had a new job. 

In succeeding years he was chief 
draftsman on the Model 156, the 
Soviet Clipper; assistant project en- 
gineer and project engineer on the 
167 Maryland; and project engineer 
on the 187 Baltimore. Eventually he 
became Fuselage and Hull Design 
Engineer, Chief Design Engineer, and 
Chief of Design Section. He was 
named Assistant to the Vice-President 
of Engineering last year. 

In 1936 he coauthored a series of 
articles with S. A. Kilpatrick on the 
“Design of Thin-Sheet Aluminum 
Alloy Sections” for the magazine, 
Product Engineering, which ran in the 
February, March, April, and May 
issues. 

By way of diversion, Mr. Schaefer, 
who has two children, the elder of 
whom appears to have a bent toward 
aeronautical engineering, likes to play 
his violin, go golfing and fishing when 
he gets the chance, or play bridge. He 
reads in what spare time is left. 
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(Continued from page 11) 
error in order to determine the cause 
of the errors. 

Dr. Grether covered specifically the 
work that is being done in the matter 
of instrument design. Such factors as 
panel layout, normal position of in- 
dicator, alignment of indicators of in- 
struments in a group, etc., were dis- 
cussed in detail. 


Hagerstown Section 
J. Anthony Pauli, Secretary 


The meeting of November 23 was 
opened by Herman Wieben, Chair- 
man, with 34 members and guests pres- 
ent. 

As new business, Mr. Wieben named 

new committees and members for the 
Hagerstown Section as follows: Pro- 
gram Committee—Chairman, Carl J. 
Wenzinger, members, A. J. Thieblot, 
K. P. Bowen, and M. J. Frank; Mem- 
bership Committee—J. O. Gibson, 
Chairman, and B. A. Lindner, J. 
Tillou; Activities Committee—H. J. 
Sieradzki, Sr., Chairman; Publicity 
Committee—D. W. Weller, Chairman, 
and J. M. Crook; Technical Advisory 
Committee—Roy Lessard, Chairman, 
and Earl E. Morton; and Social Com- 
mittee—M. A. Cawl, Chairman, and 
J. A. Pauli, R. Ziegenfuss. 
» Refrigerated Tunnels—Carl Wen- 
zinger presented a talk, ‘““The Wind 
Tunnel in Relation to Aircraft De- 
sign,’ wherein he spoke of special re- 
frigerated tunnels now available in 
which icing problems can be studied 
and tests made under different icing 
conditions. 

Two sound and color N.A.C.A. 
films, Ames Aeronautical Laboratory 
and Pilotless Aircraft Research were 
shown. 


Los Angeles Section 
E. P. Hartman. Secretary 


Approximately 200 persons were 
present at a combined business and 
technical meeting held November 18 
at which Willis M. Hawkins, 1948 
Chairman, presided. 

Results of the election of officers for 


1949 were announced by Mr. Hawkins . 


as follows: Chairman, Joe Barfoot; 
Vice-Chairman, J. Duffendack; Sec- 
retary, E. P. Hartman; Treasurer, 
W. L. Howland; Member of Area 
Council Nominating Committee, Wil- 
lis M. Hawkins. 

> Building Progress—The Chairman 
made a statement concerning con- 
struction progress on the Section’s 
new building, saying that the founda- 
tions had been poured, that the fram- 
ing of the first floor was under way, 

(Continued on page 70) 


NEWS 


News of Members 


Clarence M.’Belinn, President, Los 
Angeles Airways, Inc., commercial heli- 
copter line, has been made an Honorary 
Fellow of the American Helicopter Society. 

Dr. Bruno A. Boley left Brooklyn Poly- 
tech to join Goodyear Aircraft Corpora- 
tion as Engineer Specialist last November. 

Charles O. Cary, Special Assistant to 
John N. Brown, Assistant Secretary of 
Navy for Air, has been gamed Executive 
Secretary of the Air Coordinating Com- 
mittee to succeed John Sherman, who re- 
signed. 

Gibson A. Cederborg, formerly a Me- 
chanical Engineer at Langley Field, Va., 
N.A.C.A., is now a Test Engineer with 
Westinghouse Electric Corporation doing 
gas-turbine work. 

George J. Clingman is with the Indiana 
Aeronautics Committee as Director, Mo- 
bile Air Education Unit. 

Frank A. Culen has been appointed 
Assistant Treasurer of the Jensen Heli- 
copter Company, Inc. 

Hunt Davis, Division Head, Aero- 
dynamics Division, Research & Develop- 
ment Department, Elliott Company, 
Jeannette, Pa., received the American 
Society of Mechanical Engineer’s Junior 
Award for a paper submitted by a junior 
member. His paper was ‘“‘A Method 
of Correlating Axial Flow Compressor 
Cascade Data.” 

Michael Dubey, former graduate stu- 
dent at M.I.T., is now Test Engineer at 
Ranger Aircraft Engines Division, Fair- 
child Engine & Airplane Corporation, 
Farmingdale, L.I. 

John C. Ford is in the Lone Star State 
with Chance Vought Aircraft at Dallas 
where he is an Engineer. He moved from 
Milford, Conn., when Chance Vought 
transferred operations to Texas. 

Earl W. Gault, formerly with Curtiss- 
Wright (Columbus), is now with Goodyear 
Aircraft.Corporation, Akron. 

Joseph T. Geuting, Jr., Manager of the 
Personal Aircraft Council, A.I.A., an- 
nounced that ten companies shipped 465 
personal aircraft during October. Total 
dollar value was $2,097,000 figured at 
manufacturers net billing price and in- 
cluded 311 four-place and 154 two-place 
planes. Figure represents a decline from 
September shipments by twelve companies 
totaling 575 aircraft valued at $2,460,000. 

Charles J. Gilbert is Flight Test Engi- 
neer with Northrop Aircraft, Inc. 

Charles L. Gruenberg’ is at Boeing Air- 
plane Company (Wichita). 

Squadron/Leader Douglas H. Grundy, 
who has been much on the move the past 
few years, finally received the I.A.S.’s 
battered questionnaire that followed him 
round the world. He reports he is an 
Engineer Officer with the Royal Air Force, 
a post he’s held since 1942. Sqd./Ldr. 
Grundy is an A.F.R.Ae.S. 

Joseph M. Hample, formerly with 
Curtiss-Wright Corporation, is now at 
Wright Field, Dayton, working for the 
Government as Research & Development 
Engineer. 


J. A. Harper, reported to bé with 
Chance Vought Aircraft, is instead em- 
ployed by N.A.C.A., Langley Field Labo- 
ratory, as an Engineer Test Pilot. 

K. Irbitis emigrated recently from Ger- 
many to Canada where he is now employed 
at Otaco Ltd., Orillia, Ontario, as a Design 
Engineer. 

W. J. Jakimiuk has transferred from The 
de Havilland Aircraft (Canada) Ltd. to 
The de Havilland Aircraft Company Ltd., 
Hatfield Aerodrome, Herts, England. 

Thomas W. Jarrett, former Senior 
Mechanical Engineer at Packard Motor 
Car Company, is now Mechanical Engi- 
neer for The Electric Auto-Lite Company. 

Subramania Krishnan is a Technical 
Observer at American Airlines, Inc. 

James R. Neff moved from Junction, 
Tex., to Seattle, where he is a Junior Engi- 
neer, Class B, at Boeing Airplane Com- 
pany. 

Harold Oaklander, former Development 
Aerojet Engineering Corporation, is now 
associated with the engineering firm of 
O’Brien & Oaklander as Managing Direc- 
tor. 

James E. O’Neill is with the Packard 
Motor Car Company, Toledo, Ohio, hav- 
ing left M.I.T. where he was Research 
Assistant, Division of Industrial Coopera- 
tion. 

H. O. Pierce, former Flight Engineer 
with Flying Tiger Lines, Burbank, is now 
with Trans World Airlines, International 

(Continued on page 76) 


C-W BOARD CHAIRMAN 


Guy W. Vaughan, leading figure in the 
aeronautical manufacturing field for more 
than 25 years, stepped down from the office 
of President, Curtiss-Wright Corporation, 
and of Wright Aeronautical Corporation, on 
December 13. He was elected Chairman of 
the Board and retains the office of Chairman 
of the Board of Wright Aeronautical. 
William C. Jordan, Vice-President and 
General Manager of Wright Aeronautical, 
was elected President in Mr. Vaughan’s 
place. 
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It is axiomatic that the real strength of any pro- 
fessional society lies in its local section activities. Un- 
less there is strong local interest, backed up by a will- 
ingness of the membership on-the-spot to pitch in 
wholeheartedly to promote worth-while programs for 
their own areas, no amount of “‘priming”’ or forcing by 
anational organization can guarantee success. 

During the Fall of 1948 the officers of the Institute 
have been spending a considerable portion of their time 
in travel. We have been attending Section meetings 
from Coast to Coast and conferring with Section 
officers regarding plans and programs for the future. 
Before summer of 1949 we hope to have made personal 
contact with every I.A.S. Section in all parts of the 


United States and Canada. In this way we are doing 
our best to discover the needs of all local activities and 
the means whereby the national headquarters staff can 
serve them most effectively. 

The results of our travels so far have been most en- 
couraging. Not only are new Sections coming into 
being (Chicago, Columbus, and Ottawa have been 
activated in the past 3 months), but the older organiza- 
tions all over the country are in excellent condition and 
are doing a real job in servicing their membership. 
Two months ago in these pages we mentioned the 
large number of regional meetings that have been held 
during the past year. After looking over the programs 
for many of these, it is obvious that the quality of such 
meetings is also on the up-grade. More and more of 
our older members appear to be willing to pass along 
something of their wisdom and experience to younger 
engineers through the medium of I.A.S. papers read 
before local meetings. In that way they are serving 
well both the Institute and the organizations they 
themselves represent. 

As would be expected, great interest now exists in the 
two areas where buildings are now undér construction— 
Los Angeles and San Diego. We met recently with 
the various committees in charge in both cities and also 
inspected the construction projects with the architects 
and the contractors. Nothing short of the highest 
commendation can be given for the manner in which 
these jobs are being handled. The local committees 
are working intelligently and hard—devoting many 
hours of their own time—to make certain that we get 
exactly what we want in both facilities and that the 
funds that have been provided for the purpose by the 
industry we serve are being spent most effectively. 
When these two buildings are dedicated early in the 
summer of 1949, every I.A.S. member will have reason 
to be proud of the job that has been accomplished by 
our members in the two western cities. 

But, as we have said before, the acquisition of 
physical plants is not the measure of I.A.S. activities. 
The people in Seattle and Wichita, and Boston and 
Toronto, and in all of the rest of our 19 sections are 
building as solidly for the Institute as the people in 
Los Angeles and in San Diego. In the long run, it is 
not brick and steel that make up this organization— 
it is men—the I.A.S. membership. Every single 
activity, both local and national, must be directed 
toward but one goal—Service to our members. 
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INTRODUCTION 


+ ore ADVANTAGES OF A PUSHER—automobile-easy 
entrance and egress, excellent vision, quietness, 
etc.—have been recognized for a long time, yet few 
successful aircraft of this type have been developed 
Many designers have purposely avoided the pusher 
because of the many unknown problems that might be 
encountered with it, just as the now conventional low- 
wing arrangement was avoided before sufficient re 

search data were available. 

The pusher does have problems of its own, but all are 
capable of solution. A few of the more impotrant ones 
are: (1) Wing-body interference; (2) balance; (3 
cooling; (4) soundproofing; (5) unconventional struc- 
ture. 

Although the time required for the development of a 
pusher is undoubtedly greater than for a more conven- 
tional design, the inherent advantages of such an air- 
plane should contribute much to the enjoyment of per- 
sonal flying. 


GENERAL DESCRIPTION 


The Anderson, Greenwood 14 is a two-place, all- 
metal pusher. It is powered with a Continental C-90, 


* Vice-President—Engineering, and Chief Engineer, respec- 
tively, of Anderson, Greenwood & Co., Houston, Tex. 
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90-hp. air-cooled engine. The fixed tricycle landing 
gear has a long (12-in.) stroke and the nose gear is 
steerable through the wheel-type aileron control. The 
tail is carried on twin booms that attach to the wing 
center section. 

Passengers are seated forward of the wing leading 
edge in a 44-in. wide cabin. Baggage and fuel are lo- 
cated near the center of gravity of the airplane. Bag- 
gage is carried in a compartment aft of the seat and 
below the wing. Fuel is housed in a 23-gal. compart- 
ment integral with the nose of the wing center section. 

The power plant is located just aft of the center sec- 
tion monospar and is connected through a short spacer 
to the pusher propeller. Cooling air is ducted from 
just below the wing leading edge to the engine and 
exhausts from the engine compartment directly into 
the propeller. 


DESIGN CONSIDERATIONS 


In present-day airplanes vision over the front is 
limited by the engine, and because of this the instru- 
ment panel is brought almost up to this line of sight. 
Some pushers have been built with a normal instrument 
panel height and vision was little better than that from 
the better tractor airplanes. 

If really good vision is to be had, the instrument 
panel must be lowered, and unless roominess is sacri- 
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ficed, it must be reduced in depth. In larger airplanes 
with more complicated instrumentation, this reduction 
may present a problem, but, if careful layout is used, a 
satisfactory solution may be obtained for small per- 
sonal aircraft. 

Lowering the instrument panel does increase the 
area of the windshield and tends to increase the drag 
slightly, but the larger windshield serves a useful pur- 
pose, and the slight increase in drag can be offset by 
attention to some of the other aerodynamic details. 

Vision to the rear is also desirable and the shoulder- 
high position of the wing was chosen for this. In the 
14 only a small area is blocked by the wing, and this 
can be cleared by shifting the head position. 

The wing of Model 14 is somewhat unorthodox. The 
aspect ratio, 9.6, is probably the highest that has yet 
been used on a small personal airplane. Reasons for 
this wing design might prove interesting. 

The first requirement was for a high span to increase 
ceiling and rate of climb and decrease speed for maxi- 
mum rate of climb. The small area was chosen because 
gust loads are inversely proportional to wing loading 
and comfort at cruising speed could be improved. 
The smaller wing area decreases drag and improves 
cruising performance. In addition, it results in a 
lower wing weight. Wing flaps are employed so that 
the smaller area does not result in decreased low-speed 
performance. A relatively thick airfoil was selected 
because of structural weight considerations and because 
of improved stalling characteristics. 

The original flaps designed for the 14 were double- 
opening split flaps (Fig. 1). Their purpose was to 
minimize the change in trim due to raising and lowering 
flaps. Later, single-opening plain flaps were tried, 
and practically no difference could be detected as 
against the double flaps. No change of trim was 
noticeable with either set of flaps. 


PROBLEMS CONNECTED WITH PUSHER DESIGN 


Wing-Body Interference 


Unless a high-wing configuration is used, wing-body 
interference becomes a major consideration in a pusher 
design. The stumbling block in many pusher develop- 
ments is in attaining a reasonably high power-off maxi- 
mum lift coefficient. A low-wing arrangement often 
proves disastrous in this respect, particularly if the 
converging body is terminated in the vicinity of the 
wing trailing edge; the combined adverse pressure 
gradients near the trailing edges prove too much of a 
barrier, and early separation is almost a certainty at 
higher angles of attack. 

This situation was present to a lesser degree in early 
tractor low-wing arrangements, and many failures re- 
sulted before the expanding fillet was developed to 
remedy the situation. The expanding fillet has been 
tried on several low-wing pushers, but, because of the 
adverse conditions, it is doubtful‘if much improvement 
was noted. If along extension shaft is used so that the 


body has less convergence and terminates somewhat 
aft of the wing, the use of an expanding fillet could con- 
ceivably cure completely the body-wing interference 
troubles. 

Power tends to decrease the unfavorable pressure 
gradient of the wing-body intersection and to prevent 
separation, so that this is not a problem at the lower 
cruising lift coefficients. The favorable effect of power 
is absent, however, in landing when the largest possible 
lift coefficient is needed. 

The wing-body arrangement in the Anderson, Green- 
wood 14 avoids the difficulties of a converging body in 
the vicinity of the upper wing surface. The only part 
of the body projecting above the wing is the part that 
houses the flat engine, and convergence is kept to a 
minimum. Below the wing, the body is highly tapered 
and separation might again become a problem on the 
lower surface of the wing at low lift coefficients (corre- 
sponding to cruise and high speed flight) were it not 
for the favorable effect of power. 

Actually, at 100 m.p.h. with power off, there is a small 
region of separation at the body-wing juncture near the 
trailing edge. Tuft observations of this were made 
with a mirror attached to the lower surface of the wing. 
The application of power cleans up the flow completely. 
At the higher lift coefficients the flow is smooth with or 
without power. The cooling air intake ducts help fillet 
the wing-body intersection beneath the wing. 

In addition to the precautions mentioned above, an 
airfoil was selected (NACA 4418) which is least sus- 
ceptible to wing-body interference troubles. 

A high-wing configuration could have been used for 
the 14, but vision to the rear would not have been 
nearly so satisfactory as with the semihigh-wing con- 
figuration used. 

In spite of the precautions taken on the 14, the maxi- 
mui lift coefficient is dependent upon the smoothness 
of the wing-body intersection and upon the smoothness 


Fic. 1. 


Double-opening split flaps were originally designed 
for the Anderson, Greenwood 14 to minimize change in trim due 


to flap operation. Landing gears are long-stroke, oil-spring 
type; the main legs are X4130 steel welded into a box form and 
heat-treated. The nose cylinder’is attached to nose-wheel fork 
(a T220 aluminum sand casting) and passes through two oilite 
bearings held in nose gear pickup casting. Cylinder also rotates 
in these bearings as gear is steered. 
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of the body-wing intersection. As originally flown, 
the stalling speed of the 14 was approximately 7 m.p.h. 
faster than the improved design. 

Stalling speed and stall progression are now considered 
satisfactory. The stall begins at the body-wing inter- 
section and spreads outward to the wing booms. The 
outer portion of the wings stall only at extremely high 
angles of attack. 


Balance 


The problem of balance is an important one in the 
case of the pusher. The center of gravity still has the 
same relation to the wing position as in the tractor, but 
that is about as far as the similarity goes. The location 
of the major weight items—structure, useful load, and 
power plant—are completely new. 

Let us first consider the useful load items. Their 
location is now forward of the airplane center of gravity. 
So that the center of gravity does not vary too much, 
these items were placed as near to the weight empty 
c.g. as was possible. The exception to this is the weight 
of the pilot, which, for flight purposes, was treated the 
same as a weight empty item; he will be in the air- 
plane whenever it is in flight. Location of the useful 
load items near the weight empty c.g. is good insofar as 
the center of gravity shift is concerned, but, in order to 
obtain the correct balance with minimum useful load, 
it is necessary for the weight empty c.g. to be as far 
forward as possible. 

The major item in the weight empty which is subject 
to design movement is the power plant, and it was lo- 
cated as far forward as possible, immediately aft of the 
main wing spar. A further movement forward would 
have involved moving the wing, which would defeat 
the purpose of providing a forward position of the cen- 
ter of gravity with relation to the wing. The short 
chord of the wing allowed a propeller to be attached di- 
rectly te the engine through a short spacer with the 
engine in this forward location. The spacer used 
on the 14 is approximately 3 in. long and is a glori- 
fied aluminum washer. This installation has proved 
completely satisfactory in over 200 hours of flight test- 
ing. 

The position of the center of gravity with the useful 
load out is also of impertance, in that, since the useful 
load is all forward of the center of gravity, its removal 
shifts the center of gravity decidedly aft. Unless care- 
ful consideration is given to this problem, it might re- 
sult in a shift aft of the main wheels and cause the air- 
plane to sit on its tail when empty. 

The balance as worked out for the 14 is from 16 per 
cent to 26 per cent of the mean aerodynamic chord:in 
flight, and a weight empty position is such that there is 
a load of 40 Ibs. on the nose gear. The load on the nose 
gear increases to 200 lbs. at full gross load. The center 
of gravity shift in the flight conditions is a little mis- 
leading as given above because of the short mean aero- 
dynamic chord. Actually, the shift is approximately 
4.5 in. 


Cooling 


Another problem critical to the pusher is power-plant 
cooling. This is by no means a simple one, and, be- 
cause of its complexity, it will be discussed only briefly 
in this article. A cooling fan could have been used, but 
the increased expense and complication ruled it out. 

The problem of ground cooling with the propeller is 
the reverse of that in a tractor. In a tractor, the pro- 
peller directly forces the air through the system, while 
in the 14 the low-pressure area ahead of the propeller 
is used to induce the cooling airflow. In order to ac- 
complish this the cooling exit area was located in the 
immediate vicinity of the propeller. To date no cooling 
troubles have been encountered during normal ground 
operations. 


Cooling air intake ducts are located below the leading 
edge of the wing. This location has given excellent 
results under all flight conditions. Cooling air flows 
from the ducts into the lower engine and accessory com- 
partment, upward through the cylinder baffles, and 
then to the exit areas in front of the propeller. 


Soundproofing 


The problem of noise in a pusher is one that is gener- 
ally misunderstood. The common misconception is 
that with a pusher engine the noise is “left behind.” 
This is undoubtedly true at speeds above the velocity of 
sound, but at the current speeds of small personal air- 
planes this is a minor influence. 


For example, assume a cruising speed of 100 m.p.h. 
The ear of the occupant is traveling away from the 
noise source at this same speed. At sea level, the noise 
is traveling toward the ear at 760 m.p.h. This means 
that the intensity of the noise heard is the same as 
would be heard in the airplane were it motionless and 
the occupant was one-seventh farther away from the 
noise source. Passengers in a pusher are usually lo- 
cated nearer to the noise source than in a tractor, so 
little reduction in noise should be expected at speeds of 
100 to 200 m.p.h. 

The big advantage of the pusher is that adequate 
soundproofing can be installed between the noise source 
and the occupants. This is not possible in the tractor 
arrangement because of the necessity of windows be- 
tween the noise source and occupants. 

Much of the soundproofing in the pusher is obtained 
without additional cost, since upholstered seats are 
extremely effective in absorbing sound and additional 
soundproofing need be added only in areas not pro- 
tected by the seats. For the same weight of sound- 
proofing material the pusher normally should be sub- 
stantially quieter. 


Unconventional Structure 


The large field of vision, forward and down, possible 
in the pusher design is not compromised in the 14 by 
an overly conventioral- shaping of the forward fuselage 
or by excessive width in the window corner posts. It 
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Fic. 2. A keel box beam is employed as the load-carrying 
member in the Model 14 body as shown in this structural diagram. 
Completely below the floor level, it permits a full-sized low level 
door in body side and large front and side windows with narrow, 
nonstructural corner posts, allowing convenient entrance and 
egress, as well as a large field of vision. 


is possible to have convenient entrance and egress with 
the passenger cab close to the ground, forward of the 
wing, and unendangered by the propeller. High 
structural body sides are not allowed to detract from 
this convenience. 

These demands on the structural design, that vision 
and entrance be excellent, are met in Model 14 by em- 
ploying a keel beam as the load-carrying member for- 
ward of the seat (Fig. 2). 

Nose-gear loads are the major loads in the forward 
keel beam, since there are no large masses forward of 
the passengers. The keel beam is reacted horizontally 
through the baggage floor, and vertically between an 
open bulkhead in the plane of the seatback. The 
shear connections between forward and rear bulkheads 
are the body side skins in this region, the baggage floor, 
and the wing leading-edge bottom surface. 

The wheels are well back under the engine section. 
Part of this distance back from the nearest convenient 
structural pickup has been covered by “‘sweeping”’ the 
landing-gear legs back from the trunnions. In order 
to avoid the weight penalty of cantilever trunnions, a 
rear support point has been incorporated into a welded 
tube structure, which also comprises the engine mount. 

Similar rear trunnion point supports are also incor- 
porated in this tube structure for the oil-spring shock 
absorbers. The forward trunnion support points for 
landing-gear legs and oil-spring units are on the dia- 
phragm bulkhead. Since this same bulkhead incor- 
porates the engine mount pickups and the main spar 
wing pickup points, it can be seen that the 14 is structur- 
ally rather short-coupled. Engine mass loads are 
transferred through the engine mount to the landing 
gear during landing and to the wing spar in flight. In 
flight, engine inertia couple loads go through the bulk- 
heads, through the body skin between the bulkheads, 
and into the wing. 

The engine location, chosen to balance the airplane 
and to give the best chance of avoiding separation dif- 
ficulties, places the engine in space normally reserved 
for wing structure. The structural problem of the 
wing in this region is to carry through the shear, bend- 
ing, and torsion loads in the relatively small wing cross- 
section forward of the quarter chord. It has proved 


* light auxiliary rear spar. 


possible to carry the wing trailing edge through the en- 
gine section as a tension member, which helps greatly 
in carrying the forward wing bending from high angle 
of attack flight conditions. 

The wing center section of Model 14 (Fig. 3) has a 
monospar at approximately 27 per cent chord and a 
The spar in the center sec- 
tion portion of the wing is a 24ST extrusion with caps 
and web extruded as one piece. This has the advan- 
tages of simplicity and low cost. Simplicity and elimi- 
nation of rivets are particularly important in this case, 
since this spar web also forms the back side of the struc- 
turally integral fuel tank. 

The torsion and tank section, in the center wing 
region, is the ‘‘D’’ formed by the spar and the leading- 
edge skin. This ‘“‘D”’ section has been kept as free of 
internal projections as possible in case a fuel cell is 
ever used. Fore-and-aft corrugations in an internal 
doubler sheet, which have been used to bring the shear 
strength of the skin up to the required value, start 
just inboard of the tank end ribs and run to the body 
torsion panels. The corrugations are not required in- 
board of, these body panels, since the torsional shear is 
taken in the panels which, in effect, are external wing 
ribs. 

The leading-edge torsion load is taken out of the lead- 
ing edge by the end ribs, which are just forward of the 
wing boom connections at the outer end of the center 
section. These ribs have shear web, as well as top and 
bottom cap continuity with the boom attachment 
boxes that are at either end of the center section behind 
the main spar. These boom attachment boxes also 
serve as outer ribs of the center section. The boxes 
are made up of two parallel vertical planes and two 
parallel horizontal planes, which are extensions of the 
planes of the booms. Each boom box provides four 
forged fittings at the trailing edge to which the booms 
attach. A bulkhead in the boom box is attached to the 
center section rear spar and to the rear spar of the outer 
wing. At the wing main spar the boom boxes are se- 
cured top and bottom by the bolts that hold the wing 
joint terminal fittings onto the main spar extrusion. 


Fic. 3. Wing center section is composed of a monospar and 
auxiliary rear spar. The spar’ in the center portion of the wing 
is a 24ST extrusion with caps and web extruded as one piece. 
This has the advantages of simplicity and low cost. Simplicity 
and elimination of rivets are important in this case, since this 
spar web also forms the aft side of the structurally integral fuel 
tank. 
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Interycostal 


Fic. 4. Boom structure consists of a top pan, sides and bot- 
tom made from one bent-up sheet, ‘‘W’’ sections added at bot- 
tom corners to increase compression strength of boom, and an 
intercostal midway between top pan and bottom to increase 
buckling strength of sides. 


The ribs at the body side are fire resistant, and, be 
cause of the engine well discontinuity, they have been 
tied into the body torsion panel to allow the transfer of 
load from the body panel to the rear torsion panel of 
the wing.. 


The stiffening in the intraspar portion of the center 
section is in the form of a spanwise intercostal spar, 
used to avoid the contoured parts that members in the 
chordwise direction would have required. For aero- 
dynamic reasons, the trailing edge of the center section 
is internally stiffened rather than corrugated. The 
large well-rounded trailing edge has been found to stand 
up well under the vibration stresses imposed by the 
nearby propeller. 


The attachment of the wing to the body consists of 
the body torsion panel and a bolt on each side of the 
airplane running in a for-and-aft direction through an 
angle extension of the diaphragm bulkhead and the 
web of the main spar. The spar is built up by a pad 
to increase the bearing loads where the bolt passes 
through. The tank is sealed around the bolt by a 
beveled washer trapping an “‘O”’ ring against the bolt. 
The body torsion panel acts as a wing rib putting verti- 
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cal load in the wing leading edge and maintaining the 
wing cross section against ‘‘parallelogramming.”’ 

Vertical loads from wing to body go through spar 
bolts to the bulkhead and through rivets between the 
vertical part of the leading edge and the body torsion 
panel. Horizontal shear loads are carried through the 
body torsion panel, and these loads require considerable 
shear strength between the upper and lower edges of 
the torsion panel. This has necessitated fairly .thick 
shear doublers in the small neck of the torsion panel 
opposite the wing leading edge. 

The vertical sides and flush-to-wing bottom surfaces 
of the tail booms (Fig. 4) were dictated by the aero- 
dynamics of the wing boom intersection which called 
for an extremely clean surface detail. At the forward 
end of the boom two bulkheads and several shear 
doublers put the loads into four forged fittings that 
mate with similar fittings in the boom attachment 
boxes. The front and rear spars of the vertical tail 
form the bulkheads in the rear of the boom that load 
the boom with the horizontal and vertical tail loads. 
A fairing cover to the top pan provides aerodynamic 
cleanness and accessibility to the tail eable controls 
and allows a beam design with good accessibility for 
fabrication. 

The horizontal stabilizer is composed of two spars, 
two end ribs, one rib on the airplane centerline, and 
beaded skin. The beads run in a for-and-aft direction 
and increase the ability of the 0.016 skin to carry the 
local air loads. Three ribs has proved a sufficient 
number to make the spars work together. 

All the movable surfaces—ailerons, elevators, flaps, 
and rudder—are similar to each other in construction, 
and all are attached to their respective fixed surfaces 
by short lengths of piano hinge. The typical construc- 
tion is a spar_of channel or “‘Z’’ form, with corrugated 
skins (4-in. spaced, '/,-in. deep, “‘tent’’ corrugation), an 
inserted 0.040 trailing edge strip, and end ribs with op- 
erating horns attached. It has proved desirable to re- 
duce the hinge deflections by a clip that triangulates 
from the outer edge of the flange under the hinge to the 
flange web intersection across the spar. This stiffen- 
ing reduces control system deflections and is a safe- 
guard against fatigue failure in this area. 

Like the center section, the outer wing is monospar 
with an auxiliary spar (Fig. 5). A torsion cell is formed 
by the two spars and top and bottom skins. A second 
“—D” torsion cell is formed forward of the main spar 
by the leading-edge skin and is stiffened against 
buckling by leading-edge ribs and spanwise intercostal 
spars. 

At the joint between the center section and the outer 
wing the torsion load from the two wing cells is collected 
in a rib with a reinforced cap strip. The torsion load 
is then reacted against the tail’ load through the main 
spar terminal and the rear spar terminal, both of which 
tie into the center section boom attachment box. 

‘The main and auxiliary spars are connected by four 
main ribs in the outer pane!, though each interrib skin 
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ENGINEERING PROBLEMS OF 


area is broken up into three smaller panels by ribwise 
channel stiffeners. These stiffeners, as well as the ribs, 
are gusseted to the front and rear spars to take the 
corner loads from the panels when the light gage skin 
buckles under load. 

The 0.016 gage skin from the main to the auxiliary 
spar is one continuous sheet from the inboard to the 
outboard of the panel. The leading-edge skin is also 
continuous. The outer wing has no trailing edge, since 
all of the area aft of the auxiliary spar is taken up by 
movable surfaces. 

The outer wing vertical loads come through fittings 
from the main spar of the outer wing to the main spar 
of the center section. These fittings are heat-treated 
steel slabs of simple design. One fitting design serves 
16 times per airplane, two upper and two lower on outer 
wing and center section, left and right wings. At the 
spar end, in addition to the steel fittings just mentioned, 
there is an aluminum column bar from the upper main 
bolt hole to the lower and tied into the shear web of the 
outer wing spar. The function of this member is to 
take bending out of the terminals and to pick up the 
outer spar shear load. The bolts connecting the wings 
are in a fore-and-aft direction in holes reamed on as- 
sembly through the wing fittings. The outer wing and 
center section rear spars are bolted together through a 
fitting to carry the tension and torsion loads. 

An interesting design detail is the outer wing spar. 
This member is made up of extruded caps, tapered by 
machining and riveted to a corrugated web. The cor- 
rugations, spaced at, 4 in., serve as spar web stiffeners. 
While low cost by elimination of parts and rivets is 
possibly the chief advantage of this web, it has also 
turned out to have a low weight. A series of tests 
were necessary to accumulate enough information to 
design this shear web. 

The wing tip is plastic-impregnated fiberglas and is 
attached to the flange of the tip rib in the outer panel 
by screws into Tinnerman nuts. 

The landing gear of Model 14 is designed to land the 
airplane safely from a rate of descent of 15 ft. per sec. 
(900 ft. per min.), which is considerably in excess of 
C.A.A. requirements. It was originally conceived as 


Fic. 5. Structural detail of outer wing showing monospar and 
auxiliary spar. In the outer wing, auxiliary spar picks up mov- 
able surfaces and also carries local air loads to four main ribs, 
which in turn carry loads to main spar. 
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Fic. 6. Model 14 plan view. 


an added factor of safety but, in addition, has worked 
out to give a pleasant landing. 

With the extreme vision over the nose, a normal 
landing gives the visual sensation of rapid descent, and 
with flaps down the approach is rather steep. The 
pleasant, gentle nature of ground contact comes as a 
surprise. The passenger has the feeling that the air- 
plane has merely been turned into a more horizontal 
path. 

The control system is a conventional cable type with 
dual control wheels. Rudder pedals have been pro- 
vided on the left-hand side for the pilot who wants to 
achieve perfect turns, but there are none on the right 
because the airplane can be very nicely handled without 
any and because their absence gives the passenger more 
leg room. The elevator tab is a hand-operated crank. 
The brakes are hydraulic and are foot-operated from a 
pedal on the floor, although some thought has been 
given to a combination brake-throttle, which may be in- 
cluded before certification is complete. 

The engine section is of interest as a distinctly pusher 
problem, though it has much in common with a sub- 
merged installation. Underwing ducts of triangular 
cross section pick up air at the wing-body intersection 
near the wing leading edge. The inducted air is car- 
ried along to a point aft of the main bulkhead, flows 
through a pressure-tight compartment under the engine, 
up through the engine baffles, and out on top of 
the engine. The air exists through passages just for- 
ward of the propeller. This relation to the propeller is 
counted on to draw air through the system for ground 
cooling, eliminating the need for a blower. 

(Continued on page 33) 
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INTRODUCTION 


ie IS WELL RECOGNIZED that improved methods of air 


traffic control are needed today and that in the 
future this subject will increase in importance and 
complexity as traffic becomes more dense. The over 
all problem is one of the most difficult facing the engi- 
neer. In three-dimensional air space filled with fog, 
numerous aircraft having different speed and man 
neuverability characteristics and different destinations 
must be controlled in an economical and safe manner. 


tory,” Civil Aeronautics Administration, and Radio 
Corporation of America.* 


Some of the factors that contribute to the complexity 
of the problem are: Most aircraft cannot stop in the 
air; some go slowly and cannot go fast, others go fast 


The results of these systems developments and Zwo 
studies formed part of the background for the delibera- and 


and cannot go slowly; the problem is three-dimen- 
sional; unpredicted wind variations affect the speed and 
location of each aircraft; each aircraft must make a 
normal landing within a safe time limit; spacings be- 
tween landings should not be more than about 1! 
min., meaning that an aircraft 40 sec. off schedule is 
seriously out of place; the system must serve all types 
of aircraft including the military, it must be capable of 
integration with existing facilities in an evolutionary 
rather than revolutionary manner; and it must be 
usable by mere humans such as pilots. 


Many helpful components have been developed in 
cluding aural ranges, ADF’s, omni-ranges, ILS, GCA, 
and others. More recent developments, some of them 
intended to approach the problem for the first tim« 
from the overall systems point of view, include Teleran, 
Navar, Lanac, GRS block, and Tricon. Rather thor- 
ough studies of some of the broad aspects of traffic con- 
trol were made by several organizations, notably Air 
Transport Association,! Airborne Instruments Labora- 


* Loren F. Jones, pilot and engineer for 21 years, originator of 
Teleran, is manager of research and development sales. As a 
leading proponent of pictorial display, he is largely responsible 
for the present high interest in this subject. The new traffic 


tions of Committee SC-31 of the Radio Technical tod 


Commission for Aeronautics. In 1948, by action of 
the Secretary of Commerce and the Secretary of De- 
fense, an Air Navigation Development Board was 
established for the purpose of planning and sponsoring 
the development of a “‘common national system of air 
navigation and traffic control.’’ This Board is per- 
manent. It is using the SC-31 report as its guide, mak- 
ing such deviations as seem desirable. 


The recommendations of SC-31 are lengthy and will 
not be reviewed here. One of its specifications is that 
there be ground radar equipment that obtains its 
responses from altitude coded air-borne transponders. 
This radar is to be the chief source of data for traffic 
control and is to produce a “‘pictorial situation display” 
for use on the ground and for transmission to each air- 
craft. It is specified that this display be developed for 
all types of aircraft that fly on instruments and be 
used in all phases of traffic control (initial approach, 
final approach, movement on the surface of the 
ground). 


This is an important new concept in aircraft flight. 
The utilization of pictorial situation display fo the 
extent specified is presently found in Teleran.‘ In 


control ideas disclosed in the article have been tested by Link providing each pilot with a television-like picture, fo 
trainer flights employing pictorial presentation. some serious aspects of the aircraft instrumentation aii 
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problem are resolved.* A typical installation with 
7-in. picture is sketched in Fig. 1. There is no reason 
to regard the process of interpreting multitudinous dials, 
pointers, scales, maps, aural ranges, verbal instructions, 
and signals, as being natural to a human being, but 
there is good reason to give man information in the 
form in which he has easily and conveniently acquired 
it for thousands of years—namely, by vision of the 
pictorial type. A pilot thinks of his aircraft as a spot 
moving on a map. Uniquely, the television-like 
pictorial display does just that; it shows the pilot a 
special map of the area, the location of all aircraft at or 
near his altitude, where each is headed and which is his 
own, along with diagrammatic traffic controlinstructions. 
This important forward step in aviation has been de- 
scribed‘ and will be discussed more fully in a forthcoming 
paper.© Flight tests are currently being conducted 
with comprehensive experimental equipment. The 
results are extremely favorable. Nearly 200 pilots have 
flown by pictorial display in a Teleran Link trainer. 
Each of the traffic control methods discussed in this 
paper was flown. 


PICTORIAL SITUATION DISPLAY 


The SC-31 plan specifies that traffic control instruc- 
tions be transmitted to each aircraft by two basic means. 
One is the so-called private line, a selective circuit to 
individual aircraft permitting the transmission of 
specific traffic control data. These data can be used 
by the pilot for manual flight (for instance, by annun- 


* The desirability of pictorial presentation was pointed out by 
Zworykin in 1932. Subsequent developments in ground radar 
and airborne transponders were necessary before it was possible 
to devise an integrated, comprehensive, and practical system. 
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_ Fic. 1. Television-like pictorial display instrument mounted 
in cockpit employing 7-in. picture screen. Present apparatus 
produces picture brightness of 50 lamberts, eliminating the need 
for a i Smaller screens can be developed for use in smaller 
aircraft. 
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Fic. 2. Essential elements of a pictorial display system. By 
adding another dichroic mirror, handwritten emergency instruc- 
tions can be added into the composite pjcture. 


ciator signals saying “go 10 m.p.h. faster,’ “go 15 
m.p.h. slower,’’ etc.), or it can directly actuate the 
throttles and other controls. It is not the purpose of 
this paper to discuss the use of private-line signals. The 
second basic method is ‘‘pictorial situation display.” 
The pictorial instrument will give pilots a large quantity 
of information in diagrammatic or pictorial form, not only 
traffic control data but also weather maps and other 
information. It is the author’s contention that the 
value of pictorial presentation is even today only 
partly realized and that further flight experience may 
indicate that the picture itself will constitute the pri- 
mary flight aid in traffic control. 

To form a pictorial display by Teleran (the generic 
term ‘‘Teleran’” is a composite work from /elevision- 
radar-air navigation), all information necessary for 
general navigation, traffic control, collision prevention, 
landing, and taxiing control is obtained on the ground 
and is automatically combined into a pictorial display. 
Altitude segregation is used so that the pictures pre- 
sented to ground and air-borne personnel concern single 
altitude layers and are in a form well adapted to human 
interpretation and action. The composite picture for 
each altitude layer is produced by combining ground 
radar information, showing the location of all aircraft, 
with map information and diagrammatic traffic control 
displays and other visual data. New air routes are 
established by the simple expedient of adding new lines 
to the televised map. The complete television-like 
composite picture is projected on large screens on the 
ground and 7s transmitted to each aircraft. Means are 
provided to constantly show each pilot which of the 
aircraft in the received television-like picture is his own, 
The system is illustrated in Fig. 2. 

During final approach, the instrument landing situa- 
tion is presented pictorially to each pilot by means of 
data obtained from standard GCA equipment. The 
received picture shows the position of the aircraft with 
respect to the ideal landing path and airport and with 
respect to other aircraft on the landing path. Other 
pictorial data such as weather maps can be readily 
transmitted over the ground-to-air television link. The 
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Fic. 3. Typical “fixed block’’ pictorial display. This tele 
vision-like display is seen both on the ground and in the cockpit 
In addition, the cockpit picture in each aircraft contains a self- 
identification mark for that particular aircraft. Aircraft in 
Block C is circling, to hold until the block ahead is vacant 
Lettering is added for illustrative purposes and would not appear 
in actual pictorial display. 


pictorial display unit in the aircraft produces a bright, 
flickerless picture suitable for viewing in normal day- 
light. Although the present equipment weighs about 
100 Ibs., further development should result in light, 
compact equipment suitable for installation in all air- 
craft down to and including the four-place type. 


GENERAL REQUIREMENTS FOR TRAFFIC CONTROL 


Before discussing specific methods of presenting traf- 
fic control information pictorially, it is well to review 
the general requirements for any traffic control system 
These are the major ones: 


(1) For prevention of collisions and for other safety 
reasons, each pilot must at all times know by simple and 
natural indications the location of his own aircraft with 
respect to (1) his assigned position in the traffic pattern, 
(2) the final approach path, (3) the airport, and (4 
all other aircraft at or near his altitude. 

(2) High- and low-speed aircraft must be accommo- 
dated without forcing them to operate at a single 
compromise speed, except possibly when on the final 
approach. 

(3) In view of the complexity of traffic control of the 
future, control should be accomplished primarily by 
means of computer devices on the ground, with mini- 
mum responsibility placed on ground personnel and 
even less responsibility on pilots. 

(4) For monitoring and emergency reasons, ground 
personnel should have the same information as pilots. 


(5) Each pilot should be enabled to occupy a 
specific air space, knowing that in so doing he is pro- 
tected from collision and will land with minimum delay. 

(6) Changes in wind velocity should be compensated 
for with minimum effort on the part of the pilot and 


preferably without ground-crew action. Change in 
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wind direction necessitating the use of a different run- 
way should require little action on the part of ground 
crew and should be presented to pilots in a simple and 
natural manner. 


(7) Requirements for take-off are similiar to those 
listed above for descent and approach, except that the 
take-off and climb path need not be so long as the ap- 
proach path. 


(8) In the case of scheduled aircraft, identification 
of each aircraft is necessary so that its progress can be 
compared to its schedule. In the case of nonscheduled 
aircraft, identification is not regarded as a basic require- 
ment any more than policemen must identify individual 
automobiles for automobile traffic control. In practice, 
however, identification of nonscheduled aircraft may 
prove to be desirable. 

(9) Since safety is increased by consistency and 
standardization in flight operations, traffic control 
facilities and procedures should be suitable for identical 
use whether flight is contact or on instruments. 

Several methods for depicting traffic control in- 
structions by pictorial situation display which meet the 
above requirements will now be proposed, with varia- 
tions as to the kind of ‘‘blocks’”’ used and the types of 
aircraft controlled. These particular methods are not 
claimed to be the best, but they serve to illustrate the 
flexibility, convenience, and potentialities of the pictorial 
method. 


THE FIXED BLOcK PICTURE IN THE APPROACH ZONE 


There are two basic concepts of traffic control: one 
based on the use of “fixed blocks’ as in the case of 
railroad traffic control, the other based on the use of 
“moving blocks.’ In the case of fixed blocks, each 
block consists of a fixed segment of the airway. As the 
pilot progresses from block to block he does not enter 
the block ahead unless a green light (a private-line 
signal) and his pictorial situation display show that that 
block is vacant. If an aircraft is in it, he circles in his 
present block until the block ahead is free. While 
circling within his block the pictorial display shows him 
his position within the margins of the block and provides 
true saftey from collision with other aircraft in adjacent 
blocks. 

Fig. 3 depicts a typical pictorial display for use 
with the fixed block method. The aircraft in Block C 
is holding, waiting for the block ahead to become free. 
In case an unequipped or unauthorized aircraft were 
to fly into an established airway, the pictorial display 
would be one means and probably the only means per- 
mitting pilots of equipped aircraft to avoid a collision. 


Whereas the simple case of Fig. 3 could be flown with 
ease, actual traffic densities frequently will be much 
greater. In such cases, it is agreed by virtually all who 
have studied the problem that a ground located traffic 
control computing device will be required. Some com- 


ments on this device are necessary before proceeding: 


with the discussion. 
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TRAPEUC- CON TROL iBY 


THE TRAFFIC CONTROL COMPUTER 


No longer will human brains and posting boards be 
able to cope continuously and reliably with the traffic 
situation. Within about 5 years from now, congested 
areas, such as that of New York, may well have about 
100 planes simultaneously subject to traffic control 
during some hours of the day. At times of peak traffic 
each runway in use must accommodate a plane about 
every 1'/. min., and any aircraft as much as 40 sec. out 
of place will upset the traffic control situation. 


It is generally agreed that a computer must be avail- 
able which, when any one aircraft arrives at the pe- 
riphery of the control zone, will take into account the 
aircraft’s speed capabilities, its altitude, its approach 
path, the wind velocities, and the availability periods for 
the runway, so that proper instructions or control can 
be automatically transmitted to each aircraft. These 
must enable each aircraft to reach the beginning of the 
final approach (start of glide path) with correct spacing 
from aircraft ahead and behind. 

For an electrical or mechanical computing device to 
perform this function, its input data must include for 
each aircraft: altitude, destination, available speed 
range, identity, and wind velocities. It can take into 
account average wind velocities in a given area or, with 
greater accuracy, actual wind.velocities at each part 
of the area and at each individual altitude. Additional 
studies are presently being conducted® to determine the 
extent to which wind velocities must be taken into 
account by the automatic computer. 


Committee SC-31 recommended that there be two 
methods of obtaining the location of each aircraft: an 
air-derived method and a ground-derived method. 
Since the air-derived information is relayed to the 
ground, there will be two sets of data on the ground. 
This permits the automatic traffic control computer 
continuously to compare these two sets of location data. 
If an unequipped aircraft strays into the zone of control, 
its position, of course, does not show up among the air- 
derived data but does show up among the ground-de- 
rived data as received by ground surveillance radar. 
The computer must automatically recognize this as an 
emergency and take appropriate action. 

The computer can be given a third set of data— 
namely, the flight plan of each aircraft in the area. 
Thus an additional function that the computer could 
perform would be that of constantly analyzing three 
sets of data: where the air-derived information indi- 
cates the aircraft is, where the ground-derived data 
indicate it is, and where the aircraft planned to be. 
This rather elegant method would be possible only when 
each aircraft does file a flight plan (which is fed into the 
computer, possibly by punch card) and is expected to 
then either adhere rigidly to the plan or to a series of 
approved revised plans. There is some question as to 
whether this degree of elegance will be employed in 
practice. It would necessitate the automatic trans- 
mission of a great deal of data over individual air- 
ground circuits. It might involve the use of compli- 
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cated ‘‘automatic tracking’’ radar circuits for each air- 
craft. It presupposes that aircraft will precisely adhere 
to rigid flight plans. 

In recognition that flexibility rather than rigidity of 
flight plan would be desirable, the author, in 1946, 
pointed out the feasibility of providing traffic control 
means for handling aircraft arriving at the boundary of 
the control zone with essentially random timing. In 
1947 under a contract with RCA, the Franklin In- 
stitute conducted studies ‘showing that it would be 
practical to construct a computer that would safely and 
expeditiously control aircraft arriving at random.’ 
It was hot intended that aircraft would enter the con- 
trol zone completely at random, because this might 
involve, in the absurd case, arrival of all aircraft for a 
given airport during 1 hour of the day, with no air- 
craft during the remaining 23 hours. To prevent 
resulting oversaturation of airport capacity, some 
degree of prescheduling is essential. Thus, no aircraft 
would take off for a given airport without first receiving 
clearance. The clearance would be an assurance that 
that aircraft could be accommodated at appoximately 
its estimated time of arrival. Its actual arrival time 
might vary considerably from the estimate. Thus, 
over, say, a 15-min. period, arrivals would be truly ran- 
dom. 

It is this sort of random arrival timing that can be 
automatically taken into account by a suitable com- 
puter. In this method, each aircraft contacts the 
ground control center just before entering the control 
zone and reports its position, speed, and other necesary 
data. These data are placed in the computer, pref- 
erably by pressing keys or buttons. The computer 
immediately determines whether the aircraft can arrive 
at the start of the final approach (glide path) with 
adequate spacings from the next aircraft ahead and 
behind. In arriving at its answer, the computer takes 
into account wind conditions, the safe minimum and 
maximum speed limits for this particular aircraft, the 
locations and assigned speeds of other aircraft, etc. 
Unless the airport is operating too near to saturation, 
essentially every aircraft arriving at the control zone 
boundary can be accommodated immediately by em- 
ploying variations in speed during its initial approach 
through the control zone. The correct speeds are 
specified by the computer. The entire situation is 
shown to each pilot by his pictorial situation display. 
When an aircraft cannot be accommodated, the com- 
puter will so designate, and the aircraft will hold for a 
few minutes outside of the control zone until it can be 
accommodated. 

It is not claimed that this random arrival method is 
necessarily the best one for controlling so-called sched- 
uled aircraft but rather that it is a possible method 
deserving further study, a method wherein individual 
aircraft can deviate considerably from their schedule as 
originally filed yet can be accommodated with little or 
no delay upon their arrival in the control zone of the 
terminal airport. 
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Fic. 4. Typical moving block picture for scheduled aircraft 
Circular blocks show scheduled locations for fast planes; rec- 
tangular, for slow planes. Pilot A needs to correct his position. 
Blocks automatically slow down near start of final approach, 
where they arrive without conflict, their arrival times having 
been previously checked and accepted by the automatic com- 
puter. Take-off paths are not shown. 


The flexibility of pictorial display permits its ready 
adaptation to any method of control—i.e., rigidly sched- 
uled, flexibly scheduled, or nonscheduled. Let us 
consider typical pictures for each case. 


MOVING BLOCKS FOR RIGIDLY SCHEDULED AIRCRAFT 


The second general method of traffic control is that 
employing moving blocks rather than fixed blocks. 
Whereas blocks at fixed locations are appropriate for 
railroad trains, which can stop, in the case of aircraft 
there are some advantages in using blocks that con- 
stantly move. Moving blocks were proposed by I. 
Wolff and P. J. Herbst of RCA Laboratories in 1945, 
who suggested that symbols be caused to move at con- 
stant speed and in straight lines across the pictorial dis- 
play, each symbol representing an air space for a single 
aircraft. The “curved path variable speed’’ moving 
block methods proposed herein are outgrowths of the 
earlier suggestions. 

First take the case of an aircraft operating under a 
rigid schedule. The automatic traffic control com- 
puter can cause the picture to contain moving circles or 
rectangles that depict for each aircraft the air space that 
that aircraft should at each instant be occupying. At 
the same time each aircraft’s actual position as deter- 
mined by ground radar is shown in the picture, and thus 
the pilot can readily see whether he is within the area 
assigned to him—that is, whether he is exactly on 
schedule and on track. Fig. 4 illustrates a typical 
picture seen by pilots flying rigidly scheduled aircraft 
in the moving block system. Circles represent sched- 
uled locations for certain high-speed aircraft; rec- 
tangles represent the location for specific lower speed 
aircraft. The circles and rectangles proceed toward 
the start of the final approach in a continuous manner, 
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much as though they were projected from “animated” 
film, their individual motions being in accordance with 
each aircraft’s approved flight plan. The computer 
can cause the blocks to appropriately and automatically 
slow down as they near the start of the final approach, 
thus allowing for the lowering of wheels.and flaps. 

In this particular illustration, pilot A is not within 
his assigned area and should get within it. With pic. 
torial display on both the ground and in aircraft, any 
pilot who is not within his assigned area not only im. 
mediately knows this himself but so do other pilots and so 
do the traffic control personnel on the ground, No longer 
will a pilot think or say that he is one place when he is 
actually somewhere else. 


MOVING BLOCKS FOR FLEXIBLY SCHEDULED AIRCRAFT 


As discussed above, it may prove desirable to per- 
mit a reasonable degree of flexibility as necessitated by 
weather variations and other unanticipated factors, 
In this case, with arrival at the boundary of the control 
zone having somewhat random timing, the moving 
block system would again assign individual blocks to 
individual aircraft, with the important difference 
that a block would appear for a given aircraft not 
necessarily when originally scheduled to appear but 
rather when actually requested by that aircraft. As 
an example, when the pilot of aircraft B of Fig. 5 is 
about 5 miles outside of the control zone, he contacts 
the traffic control center and states that he will be within 
the zone within 2 min., is on the northwest high-speed 
approach, and is in a certain type of aircraft. In ex- 
actly 2 min. the automatic computer causes a block 
to appear in the picture as shown in Fig. 5, and the 
pilot finds himself within the block regardless of whether 
he is a few minutes ahead of, or behind, his original 
schedule. The computer then moves the block toward 


Fic. 5. Pictorial display for aircraft arriving at zone periph- 
ery with random timing. If plane B arrives a few minutes 
ahead of, or behind, its original schedule, its block appears when 
it actually arrives, not when it was supposed to arrive. Speed of 
the block is then automatically varied within limits safe for plane 
B, such that there is no conflict with other blocks. 
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Fic. 6. Proposed approach paths for New York area 
(Idlewild, La Guardia, and Newark airports) for medium-speed 
planes. 


the start of the final approach, automatically adjusting 
the speed of the block (within the safe speed limits of 
the aircraft) so that the block finally arrives at the start 
of the final approach with safe spacing from other blocks. 

With this method of operation pilots are permitted 
reasonable flexibility from their schedules yet are landed 
with minimum delay. . In a study by Ewing, Faunce, 
Marshall, and Smith,’ a comparison is made between 
the delays to be expected with moving block as com- 
pared to fixed block traffic control. It is shown that 
delays are somewhat less with the moving block method. 
Additional factors must, of course, be considered in 
comparing moving with fixed blocks. 

The control of aircraft on take-off paths is not dis- 
cussed in this paper. The problem is simpler than for 
approach paths and similar techniques are used. Also 
not discussed is the selection of specific altitudes for 
altitude layers, nor is the transition of descending and 
ascending aircraft from one layer to another discussed. 
Altitude segregation is employed because it simplifies 
the overall problem. 

Actual approach paths are likely to be more com- 
plicated than those illustrated in Figs. 3, 4, and 5. In 
the most complicated case of all—i.e., New York with 
its La Guardia, Newark, and Idlewild airports—the 
study by Ewing, Faunce, Marshall, and Smith® shows 
how fast, medium, and slow aircraft (separated by alti- 
tude) can approach from all directions (Boston, Al- 
bany, the West, and Philadelphia) to all airports with- 
out conflict. When descending in the initial approach, 
slow and medium aircraft do so at 500 ft. per min., fast 
aircraft (pressurized cabins) at 750 ft. per min. Aillti- 
tude separation allows for the necessary crossing of 
approach paths and provides for all take-off paths. 
No “stacking” is employed. Pictorial presentation is 
essential. Details will not be discussed here, but it is 
of interest to note their proposed approach paths for 
medium speed planes for southeast wind conditions, as 
depicted in Fig. 6. Fig. 7 shows the actual picture 
which might be received by planes in the 4,000- to 7,000- 
ft. layer, with moving block traffic control. 
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MOovVING BLOCKS FOR NONSCHEDULED AIRCRAFT 


Nonscheduled aircraft including executive planes, 
chartered transports, military aircraft, cargo planes, 
and others are already much more numerous than 
scheduled aircraft and are today flying more extensively 
than are the scheduled aircraft. (The cub-type plane 
is not considered in this discussion, since it generally is 
not equipped to fly on instruments.) During the next 
few years, the problem of providing for tens of thousands 
of instrument-equipped nonscheduled aircraft will be- 
come of great importance. It is likely that aircraft 
of this type frequently will employ separate airports 
adequately spaced from airports specifically reserved 
for scheduled aircraft. In this way one of the most 
appealing features of flight will not be sacrificed—that 
is, the ability to go where one wants to when he wants to 
go there. SC-31 recognized this and provided for in- 
formal nonscheduled flights in that such operations are 
not prohibited off of the established airways. Estab- 
lished airways start at certain minimum altitudes and 
thus can be ‘“‘crossed” at lower altitudes without 
notice. 

But before the nonscheduled aircraft can fly to a non- 
Scheduled airport with only the simplest kind of ad- 
vance arrangements, it must be known that there is 
some means at that airport for the orderly handling 
under instrument conditions of traffic arriving with 
essentially random timing... A simple method_of doing 
this, requiring no traffic control computer on the ground, 
is illustrated in Figs. 8 and 9. The basic concept and 
direction of motion is shown in Fig. 8. Fig. 9 shows 
five successive pictorial display scenes spaced about 
30 sec. apart. The blocks move constantly from top 
to bottom. In the illustration, one block is shaded to 
assist the reader in tracing its motion. The blocks ac- 
tually are reproduced from a closed loop of animated 
film in the ground transmitter. It will be noted that 
the center of the blocks moves toward the airport more 


Fic. 7. Picture received by aircraft in 4,000-7,000-ft. layer 
for New York area, using moving block traffic control. 
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Fic. 8 (lef’). Basic concept of “‘moving stairway’? moving 
block system for nonscheduled aircraft. Lettering is added for 
convenience of reader and would not appear in actual pictorial 
display. 

Fic. 9 (right). Five successive scenes, spaced about 30 sec 
apart, showing moving block motion for nonscheduled aircraft 
One block is shaded for convenience of reader. 
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Fic. 10. Paths taken by slow aircraft arriving from any of 
four directions. Each path is of minimum length; glide path is 
4 miles long. 


AIRPORT 


Fic. 11. Paths taken by fast aircraft arriving from any of 
four directions. Aircraft arriving from southeast enters slow 
end of block and proceeds, without reducing speed, to point E at 
start of 8-mile glide path. When plane has reached point B, 
upper block has moved so that B’ coincides with B. Similarly, 
when plane has reached C, it will still be in the block because C’ 
will have reached C, ete. 


Fic. 12. Successive scenes, 1 min. apart, showing shift to 
new runway. Aircraft already started for old runway complete 
their landings. Entire shift requires 6 min. 
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rapidly than do the ends, thus accounting for the pecul- 
jar Shapes. 

Fig. 10 illustrates the paths taken by slow aircraft 
arriving from any of four directions. Note that the 
glide path is only about 4 miles long, which is appropri- 
ate for small aircraft. Each flight path is of minimum 
length. The interval between successive blocks is 2 
min. Delays take place only when an aircraft ap- 
proaching a block finds that that block is filled and 
must circle to wait for a free one. 

Fig. 11 illustrates the paths taken by fast aircraft 
arriving from any of four directions. In this case an 8- 
mile glide path is used. Note that fast aircraft ap- 
proaching from downwind enter the slow end of the 
block and then make a turn into the glide path, main- 
taining speed during the turn yet remaining within the 
block. This is made possible by the changing positions 
of the blocks as they approach the airport. In a typi- 
cal case and for no wind, the blocks would be ‘“‘ani- 
mated’’ such that their, outer portions move at 110 
m.p.h., continuing at this rate down the final ap- 
proach. The center of the upper block would move 
at, say, 200 m.p.h., gradually decreasing to 110 m.p.h. 
at the start of the 8-mile final approach. Slow planes 
that glide at only 90 m.p.h. would not cause trouble, 
because during their 4 miles on the final approach 
such planes fall back only 29 sec. as compared to 110 
m.p.h. planes. With 2-min. intervals between suc- 
cessive blocks, a landing that is 29 sec. late would be 
acceptable. 

When a wind change necessitates a shift in runways, 
a transition film is used. Fig. 12 depicts a runway 
shift, the successive scenes being spaced at 1-min. inter- 
vals. Aircraft already on their final approach for the 
original runway continue their landing without change. 
Other aircraft note that a runway shift is to be made as 
indicated by the appearance in the picture (scene 2) of 
the path lines for the new runway. The first-block for 
the new runway appears in the third minute. The en- 
tire shift is accomplished in 6 min. and no landing inter- 
vals are lost. All pilots know the situation at all 
times, and those who are landing on the old runway 
know that a slight cross-wind is to be expected. No 
voice communication is necessary, the picture being 
more effective, more natural, and succinct. 

If mountains or other obstacles necessitate the use 
of special approaches, the picture can easily allow for 
this, as shown in Fig. 13. The pilot is readily shown 
where to go without any voice communications and 
without reference to aural beams, omni-ranges, ADF’s, 
maps, or other devices. 

When the necessary animated films are once pre- 
pared for a given airport, they can be used year after 
year without changes. No computer is needed. How 
much film is required in a typical case? If it is as- 
sumed that the airport has three runways permitting 
landings from six directions; that the speed of the 
moving blocks should be varied for winds of 0, 10, 20, 
30, 40, and 50 m.p.h.; that the animated blocks should 
move at least once every 5 sec.; and that traffic must 


Fic. 13. Type of picture transmitted in area containing a per- 
manent obstacle. 


be shiftable from any runway to any other runway 
under any wind conditions (except for certain improb- 
able cases such as that a given runway with a 50 
im.p.h. wind from the north would suddenly be disgon- 
tinued for use of the same runway with a 50 m.p.h. 
wind from the south), we find that the loop of film for 
any one complete cycle of operation must run 6 min., 
which corresponds to + ft. of 16-mm. film, and that a 
total of 966 films* would be required to handle all 
steady-state conditions and all transitions. Thus, a 
total of 3,864 ft. of film would suffice. For the rela- 
tively simple type of animation required, this amount 
of film would not be excessively costly. 

If each film is supported in a linear position rather 
than in a circular closed loop and if the films are placed 
around a cylindrical rack, they are accommodated on a 
cylinder 4 ft. long and 5 ft. in diameter. One form of 
film-scanning machine is depicted in Fig. 14. A se- 
lective mechanism operated by push buttons available 
to the ground controller causes the film drum to rotate 
until the desired film is before the flying spot scanner. 
This scanner, which is a simplified form of television 
camera, moves along the selected film in discreet steps 
of one frame each. During the interval when the 
scanner is moving from frame to frame and is not 
scanning, .the picture of the previous frame is auto- 
matically retained in a storage tube, which is a normal 
component of the Teleran system. Although the in- 
put to the storage tube is intermittent, its output is a 
television-like signal that produces a flickerless pic- 
ture. 

The selective mechanism for drum rotation is not 
shown in the sketch. In the simplest method, the drum 
is rotated by hand to the desired position, and the 
correct film is ejected outward an inch or so to make it 
available for scanning. The time required to rotate 


* Following the preparation of this paper, a method became 
available which greatly reduces the number of films required. 
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Fic. 14. Film-scanning machine for producing moving block 
pictures. The desired animated film is scanned by a flying spot 
scanner. Films are provided for different wind velocities and 


different runways and for transitions from one wind situation to 
another. 


the drum would cause only one 5-sec. frame to be 
omitted from the transmission and this would not be 
important. 

In a more elegant method, external buttons are 
pressed to cause the drum to rotate to the selected 
position. Standard and well-proved methods are 
available for accomplishing this. Other common tech- 
niques in automatic control can be employed to cause 
shifts from transition film to steady-state film and repe- 
tition of steady-state film to be automatic. 

A time interlock controls the transfer from one film 
to another, so that transition takes place only at the 
exact termination of each landing interval. In the 
present example, where landing intervals are assumed 
to be spaced 2 min., the next film selected by the con- 
troller will always stdrt being automatically scanned 
within 2 min. after he presses the required button, the 
average delay being 1 min. 

Suppose that runway 9 is in use with an east wind of 
20 m.p.h. and that the wind shifts to the south at 
10 m.p.h. The controller, knowing that runway 158 
must be used, presses the button for, “Transition 
R9 20 m.p.h. to R18 10 m.p.h.” Within not more 
than 2 min. the transition film for this condition starts 
being transmitted, and 6 min. thereafter the new run- 
way is in use and all aircraft previously headed for run- 
way 9 are landed. Upon the completion of the 6-min. 
transition period the controller presses the button for 
“steady state: R18 10 m.p.h.” (or this takes place 
automatically), whereupon the film for that condition is 
transmitted repeatedly, possibly for many hours, until 
another change is required. 

If desired, the entire operation could be made automa- 
tic through the use of data from standard meteorologi- 
cal instruments for wind direction and velocity. By 
routing these data through an integrater, shifts from 


film to film could be automatic, with the integrater 
initiating a shift to a new runway only when a change 
in wind direction exceeds a certain magnitude and lasts, 
say, more than 10 min. Similarly, changes in the 
speed of the blocks for changes in wind velocity (and 
not direction) could be made when and only when the 
integrated velocity-changes by an appreciable amount— 
i.e., 10 m.p.h. for a period of over 10 min. 

With this fully automatic but rather simple arrange- 
ment no ground control personnel would be required, 
yet each pilot arriving in the control zone would be en- 
abled to enter a block of air space and reserve it. The 
reservation would move at a speed appropriate for his 
aircraft, would take into account wind conditions, and 
would conduct him to the proper runway. In practice, 
a ground controller would be desirable so that, by 
means of radiophone or visual directives written in the 
television-like picture, emergency instructions could 
be issued and other special situations could be 
handled. 

For each of the traffic control methods so far dis- 
cussed, it is realized that the block shapes used for il- 
lustration are not necessarily optimum. But the flexi- 
bility and ease of interpretation of pictorial display is 
apparent. The Teleran link between ground and air- 
craft is unconcerned about the kind of pictorial infor- 
mation carried by it. Thus, without modifying or 
obsoleting the ground and air-borne equipment con- 
stituting the picture link, traffic control procedures can 
be changed from year to year to better adapt them to 
the ever changing traffic requirements. Pictorial 
situation display, in contrast to selective individual 
communication methods, is a unique form of group com- 
munication. It transmits to many persons compre- 
hensive information in a form satisfying the require- 
ments of each individual recipient. 

Having discussed methods for controlling traffic in 
the zone of initial approach, let us now consider the re- 
maining two phases of traffic control—namely, the 
final approach or instrument landing and the control 
when on the surface of the ground. 


THE INSTRUMENT LANDING PICTURE 


Regardless of whether the pilot is flying a military, 
private, or commercial plane, scheduled or nonsched- 
uled, under fixed block or moving block traffic control, 
when he reaches the start of the final approach (glide 
path) he enters the second phase of traffic control— 
that is, he utilizes his instrument landing system. 
During his flight down the glide path, the single path 
into which all others converge, he is still under traffic 
control. In fact it is in this part of his flight that he 
intentionally is spaced closer to other aircraft than 
at any other time he is air-borne. This point is im- 
portant. 

The SC-31 recommendations provide ILS and GCA 
and pictorial situation display for final descent. Since 
the pictorial display gives the pilot all of the informa- 
tion that he gets from the standard ILS system, as well 
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as GCA information to allow him to talk himself down 
rather than be talked down by a ground controller, it seems 
probable that eventually pilots will use the picture as 
the primary means of accomplishing the final approach, 
with any other means reserved for use as a check and 
in emergencies. An important point is that it will be 
the pictorial situation display that will show the pilot 
the location of other aircraft ahead of and behind him on 
the final approach. 

One type of landing display has been previously 
described. Fig. 15 is a typical picture seen by a 
pilot when he first switches on his landing display at 
the start of the final approach. As before, he sees 
himself as a spot moving on a map. He immediately 
sees whether he is right or left with respect to the ap- 
proach path, as well as his distance from the airport. 
He sees an actual map of the airport and has visual 
information regarding wind. A horizontal line pro- 


Fic. 15. Typical pictorial display during instrument landing. 
Pilot at 7 miles from. airport is slightly high and to the right. 
He notes that the approach path is free except for plane at 3 
miles. That plane is exactly on proper path. 


Fic. 16. Instrument landing method where aircraft flies down 
center of imaginary cone whose apex is at point of contact. Cone 
can be bent at lower end to produce flare-out. 


Fic. 17. Picture actually received when making instrument ~ 
landing by method of Fig. 16. Accuracy of flight is greatest 
where cone cross section (circle) is small. This is near the air- 
port where greatest precision is required. Pilot 5 miles from 
airport is to the right and slightly low. 


duced automatically within the Teleran equipment 
represents the elevation of the glide path with respect 
to his aircraft. In the case illustrated, the pilot of the 
aircraft 7 miles from the airport finds himself slightly 
to the right of, and above, the glide path. The air- 
craft 3 miles from the airport is exactly in position. As 
an aircraft proceeds toward the airport, so does the 
horizontal line, with the aircraft’s distance above or 
below the horizontal line indicating distance above or 
below the glide path. This indication becomes more 
sensitive as the airport is approached. 


An alternative landing method is shown in Fig. 16. 
The pilot imagines he is proceeding toward the airport 
inside of a cone whose apex terminates on the airport. 
The apex end of this cone can be “bent” to provide 
flare-out. Referring to the actual received picture as 
shown in Fig. 17, as the pilot enters the far (large) end 
of the cone, he sees his location within a large circle 
representing the cross section of the cone. Distance 
from the airport is continuously and obviously shown. 
As the airport is approached, decreased circle size cor- 
responds to diminution of cone section, enabling the 
pilot to center his aircraft more accurately within the 
circle (ie., place it on the glide path). In the illus- 
tration, the aircraft 5 miles from the airport is to the 
right and slightly low. All aircraft on the path are 
shown simultaneously. To resolve any ambiguity as 
to which indication refers to his plane, the pilot need 
merely press a button to interrupt the operation of his 
transponder, whereupon his spot fades momentarily 
from the picture. 

The data for producing the landing display of either 
Fig. 15 or Fig. 17 is obtained from standard GCA 
equipment. For landing unequipped aircraft, the 
GCA equipment would continue to be used as it is to- 
day. Over 100 pilots have made instrument landings 
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in a Teleran Link trainer equipped with the Fig. 15 type 
of presentation. Comments were very favorable. Ac- 
tual flight tests are presently being conducted by the 
U.S. Air Force. The pictorial method of Fig. 17 has 
not been flight-tested, and thus its merits as compared 
to the method of Fig. 15 are not known. 

With improved flight control instruments such as 
the Sperry ‘‘zero-reader’’ (which incorporates automatic 
anticipation of flight characteristics), combined with 
pictorial display to show the overall progress of the 
landing operation and the presence of other aircraft, 
landings under near-zero ceilings should 
routine and safe. 


become 


TAXIING CONTROL 


Finally, when the aircraft is on the ground, it may 
still need traffic control. A few years from now land- 
ings will be made under truly zero-zero conditions. 
The pilot will find himself on the ground but unable to 
see through the half mile or so of fog separating him 
from the ramp or hangar. His aircraft will constitute 
a serious hazard on the airport surface. Some means 
of expediting and controlling its motion will be re- 
quired. 


A picture in the cockpit showing the airport situa- 
tion, along with visual instructions about where to taxi, 
would give the pilot the necessary information. SC-31 
considered that pictorial situation display is the only 
known means for adequately controlling traffic on the 
airport surface under true zero-zero conditions. 

A fully practical method for detecting the location of 
all aircraft on the surface of an airport is not yet avail- 
able, but several are being investigated. It is safe to 
assume that a satisfactory method will be available 
by the time pictorial display equipment is widely in- 
stalled. Fig. 18 shows the kind of display that could 
be used. The particular map or slide placed before the 
television camera is for a southwest wind condition 
when runway No. 21 is used. The plane near the 
start of the runway is “held” by a bar. It can proceed 
to taxi for take-off when the bar is removed from the 
picture by the airport controller. The camera also 
picks up a handwritten instruction for aircraft No. 
766. This instruction is erased as soon as No. 766 has 
returned to its hangar. Again the flexibility and con- 
venience of the pictorial method is apparent. 


CONCLUSIONS 


It is shown that air traffic control can be accomplished 
in a new manner wherein all necessary information is 
presented to ground and air-borne personnel by tele- 
vision-like pictorial situation displays. Pilots need 
not concern themselves with aural traffic control in- 
structions, approach zone maps, final approach maps, 
ADF'’s, localizer beams, glide path beams, compli- 
cated holding courses, and critical altitude stacking 
instructions, but instead they can receive from a teleran 
picture all, of the information given by the multitudi- 
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Fic. 18. Typical display for use when taxiing on the airport 
surface. Note that instructions for one plane have been in- 
serted by hand. They will be erased when the plane has carried 
out the instructions. 


nous means used today plus other information totally 
unavailable today but necessary for safe traffic control 
in the future. 

The flexibility of pictorial display makes it adapt- 
able for use by rigidly scheduled, flexibly scheduled, 
and nonscheduled aircraft, employing fixed or moving 
block methods of traffic control. Changes in control 
procedures will not require changes in the ground-to- 
air picture link. New traffic control paths are made 
by merely drawing lines on a map, altitude stacking is 
replaced by superior control of lateral spacing, and in- 
formation to prevent collision with both equipped and 
unequipped aircraft is conveniently available. Con- 
sistency of interpretation is provided so that at all 
times—when under initial control, during firial ap- 
proach, when taxiing on the ground and during take- 
off—the pilot always sees his aircraft as a spot moving 
on a map. 

Specific pictorial displays for several types of traffic 
control ,are illustrated. A method permitting flexi- 
bility in scheduled operations is available. For non- 
scheduled aircraft, a unique “moving stairway’ type 
of variable speed moving block control is proposed. 
It requires no ground computer, because instructions 
originate on animated films that are computed once 
and for all when manufactured. 

The psychological appropriateness of pictorial situa- 
tion display for traffic control is apparent. The flying 
of aircraft by television-like diagrammatic pictures may 
well constitute not only a desirable solution to a com- 
plex psychophysics problem but an important forward 
step in the history of aviation. 
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Engineering Problems of a Small Pusher Design 


(Continued from page 21) 


Accessibility to the top of the engine is through an 
upper cowl built all in one piece and hinged alligator 
style off the cabin roof near the main bulkhead. Lower 
engine compartment cowls are individually removable 
with Dzus fasteners. 

The exhaust system is muffed fo carburetor and 
cabin heat. The exhaust gasses pass through the air- 
plane bottom and are directed downward to prevent 
them from impinging on the propeller and causing 
noise and vibration. The carburetor inlet has what at 
first appears to be a rather odd location since it is on 
the airplane centerline facing directly aft. Pressure 
checks reassure that the location is favorable, and this 
location makes for the simplest possible connection to 
the carburetor. 


Specifications—Anderson, Greenwood Model 14 (Fig. 


6): 


Wing span 34 ft. 
Wing area 120 sq.ft. 
Landing gear tread 84 in. 
Gross weight 1400 Ibs. 
Useful load 550 lbs. 
Baggage (two occupants, 20 gal. fuel) 75 lbs. 
Maximum baggage or cargo 250 Ibs. 
Seat width 44 in. 
Range on 23 gal. 4 hours 


over 120 m.p.h. 

over 110 m.p.h. 

over 700 ft. per min. 
90 hp. 


Top speed 

Cruising speed 

Rate of climb 

Power (Continental C-90 engine) 


Sciences offers the facilities of: 


years of age. 


ties will be sent on request. 


1.A.S. Library Facilities 


To serve Institute members and others in the aeronautical industry, the Institute of the Aeronautical 


The W. A. M. Burden Library 
2 East 64th Street 
New York 21, N.Y. 


The facilities of this library are available for reference study at the Institute. 


The Paul Kollsman Lending Library 
2 East 64th Street 
New York 21, N.Y. 


This library loans books without charge to members and others in the United States over eighteen 
Full information will be sent on request. 


The Pacific Aeronautical Library 
6715 Hollywood Boulevard 
Hollywood 28, Calif. 


This is a service and reference library for West Coast organizations. Full information as to its facili- 
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Testing of Jet Engines 


Under Simulated Air- Speed and 
Altitude Conditions 


J. F. MANILDI* 
University of California, and G. M. Giannini & Company, Inc. 


ABSTRACT 


The testing of jet engines and associated air ducting systems in 
either open or closed tunnels presents serious problems. In closed 
tunnels the problems of dissipation of the heat generated within 
the engines and the interference due to tunnel walls are trouble- 
some. In open tunnels the power required to obtain a stream of 
sufficiently large cross section is relatively large. In both cases 
the problem of evaluating the internal performance of the engine 
separately from the effects of the external airflow poses a formi- 
dable problem, which, in the case of pulsating flow engines, cannot 
be satisfactorily solved with any degree of accuracy. 

The use of pressurized tanks, to which the engine may be di- 
rectly attached, avoids many of the problems indicated above. 
The effect of forward air speed and altitude can be simulated 
in this fashion. The installation costs and power requirements 
for such an installation are much lower than for a tunnel installa- 
tion. The evaluation of the internal performance of the engine 
from the test data is simplified. 

The scheme of using pressurized tanks, is, of course, open to the 
objection that the effects of external flow on the internal per- 
formance of the engine, if such effects exist, are not accounted for. 
Furthermore, in the case of pulsating engines, care must be 
taken to reduce to a negligible state any pressure wave reflections 
in the tank which are not characteristic of free-flight operation 
However, the system indicated permits the obtaining of useful 
performance data with a relatively small expenditure of time and 
effort and at a low cost. 


NOMENCLATURE 


r = pressure, lbs. per sq.ft. 

V = velocity, ft. per sec. 

T = temperature, °R. 

p = density, lbs. per cu.ft. 

a, A = surface area and cross-sectional area, sq.ft. 
w = rate of flow, lbs. per sec. 

F = thrust, lbs. 

M = Mach Number 


INTRODUCTION 


+ ipa PROBLEM OF evaluating the internal perform- 
ance of a jet engine under conditions encountered 
over a wide range of forward air speeds and altitudes 
may be approached in several ways. 

(a) A closed tunnel installation, provided with fa- 
cilities for varying the free-stream static pressure, 
may be employed. In this instance, provisions 

Presented at the Annual Summer Meeting, I.A.S., Los Angeles, 
July 14-16, 1948. 


* Department of Engineering and Director of Research, respec- 
tively. 


must be made for dissipating the heat of the ex. 
haust gases and continually providing fresh air for the 
intake. 

(b) An open tunnel may be used in which the engine 
is mounted directly aft of the exhaust nozzle of the 
tunnel. In this instance altitude conditions cannot 
be simulated, and a stream cross section several times 
the area of the engine cross section must be employed 
in order to represent satisfactorily forward air-speed 
conditions. 

(c) Flight testing may be employed to evaluate the 
performance of the jet engine. In this instance the 
speed and altitude range that may be investigated is 
limited to the range of the aircraft carrying the equip- 
ment. In view of the fact that the speed ranges of in- 
terest for jet engines are above those attainable by pres- 
ent suitable flight-testing aircraft, this constitutes a 
severe limitation. 

(d) A fourth method of approach is to use a con- 
tinually pressurized tank, to which the jet engine is 
directly attached, to simulate the ram pressure to which 
the engine is subjected under free-flight conditions. 
Altitude simulation may be obtained by attaching a 
tank, which may be continually evacuated to a lower- 
than-atmospheric pressure, to the exhaust of the en- 
gine. Flexible couplings or impact plates in the jet 
exhaust stream may be used to make thrust measure- 
ments. 

One of the principal advantages of the last-mentioned 
method of testing is the fact that the internal perform- 
ance of the engine is directly evaluated. In the other 
approaches, the measured thrust includes the effect of 
external drag, and measurements, such as external air 
momentum surveys, must be made in order to obtain 
a “figure of merit’’ for the internal performance. In 
the case of steady flow engines, this can be done with 
reasonable accuracy. In the case of pulsating flow 
engines, the results so obtained would be of dubious 
accuracy, since the ‘‘average’’ pressures obtained with 
static and pitot probes would not give accurate results 
in calculating momentum conditions in the external 
stream. 

The pressurized tank method of testing is discussed 
in detail in the following analysis. Consideration is also 
given to the basic question of the ‘‘figure of merit” 
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generally used in evaluating the thrust performance of 
an engine and in comparing performances of different 
jet engines. 


FIGURE OF MERIT FOR JET ENGINE 


In order to describe adequately the thrust available 
for accelerating a bare engine, such as is shown in Fig. 
|, upstream, attention must be concentrated not only 
on the fluid that passes through the engine but also on 
the air that passes outside the engine. It may be read- 
ily shown that the accelerating thrust on an engine such 
as is shown in Fig. 1 (in a nonviscous compressible fluid 
and where P2 = Po) is given by* 


F' = - (V2 — Vo) = I (P — Po) cos a da (1) 
as+a 

where 

F’ = accelerating thrust 

w = rate of flow of fluid through engine 

Py, Vo = free-stream pressure and velocity 

V2 = engine exhaust velocity 

g = acceleration of gravity 

, = local static pressure 


4 = boundary area of stream tube leading to 
engine inlet from free stream (as shown 
by dotted lines in Fig. 1) 

external surface area of engine 

angle between surface normal and forward 
axial direction 


The first term on the right-hand side of Eq. (1) has 
been customarily used as a figure of merit for a jet 
engine. It permits the engine designer to concentrate 
his attention on the behavior of the air that flows 
through the engine, leaving for the aerodynamicist the 
problem of investigating external conditions in the flow 
fluid. (The effect of adding fuel may be readily ac- 
counted for by simply adding to the first term on the 
right-hand side the rate of change of momentum of 
added fuel.) The quantity (w/g)(V2 — Vo) will be 
called the ‘‘net internal thrust’ of the engine. 

The physical significance of the term (w/g)(V2 — Vo) 
is not readily apparent in the general case (for detailed 
analysis see Appendix). It is shown in the Appendix 
(and in reference 1) that the net internal thrust is equal 
to the measured thrust if the intake to the engine is at 
free-stream conditions and if the outside surface of the 
engine is kept at atmospheric pressure. This leads 
to the possibility of testing jet engines in a free stream 
by diverting the flow of air away from the outside of 
the engine by means of a baffle plate at the inlet of (but 
not connected physically to) the engine. This method 
may also be used, if the inlet is not at free-stream con- 
ditions, by measuring inlet pressure and applying the 
correction term derived in Appendix. 


* This neglects the effect of addition of fuel within the engine. 

+ This quantity has been alternatively called ‘‘net thrust”’ and 
“gross thrust.”” The author’s choice of nomenclature is only 
in the interest of avoiding confusion. There is a need for stand- 
ardization of nomenclature in this respect. 
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Fic. 1. Schematic diagram of jet engine in free air stream. 


The second term on the right-hand side of Eq. (1), 
which may be also expressed in terms of an integral of 
the quantity (P + pV?/g) over a surface surrounding 
the engine,{ may be termed the “drag’’ of the engine. 
The justification for separating these portions of the 
accelerating thrust on the engine lies in the fact that 
the type of air-frame structure to which, or within 
which, the engine is mounted will alter completely the 
“‘drag’’ characteristics. 

The engine designer cannot anticipate the variety of 
structures with which an engine may be associated, 
and, hence, it becomes advisable to consider only the 
net internal thrust, as here defined. Thus, the net 
internal thrust of an engine is not a complete measure 
of the merit of a particular engine, since the nature of 
the internal flow affects the external drag, but serves 
rather as a starting figure from which the performance 
of the entire aircraft may be evaluated. 

As a pointed (although possibly not practical) illus- 
tration of the fact that the quantity (w/g)(V2 — Vo) is 
not a complete (or in this case, even indicative) meas- 
ure of the performance of a jet engine, consider the 
circular cylindrical tube, shown in Fig. 2, placed in a 
free air stream and having a heat source in its inte- 
rior. Neglecting frictional effects, this unit is essen- 
tially a zero thrust device, since all pressure forces act 
normal to the surface. However, a solution of the 
equations (shown below the figure) governing the flow 
of the fluid (assumed to be air) which passes through the 
pipe leads to a positive value of 600 ft. per sec. for the 
quantity (V2 — Vo) under the free-stream conditions 
assumed. Or, for a rate of flow of 1 Ib. per sec., there 
is obtained a “‘net internal thrust” of about 19 Ibs. 
This simply means that the external flow must be in- 
vestigated before an adequate measure of performance 
may be arrived at. 


TESTING BY USING PRESSURIZED TANKS 


The testing of jet engines by attaching them directly 
to a pressurized tank to simulate forward air speed and 
by evacuating the region near the exhaust to simulate 
altitude permits the experimental determination of 
the net internal thrust of the engine with relative ease. 
It avoids the necessity of determining either experi- 
mentally or analytically the external ‘‘drag’’ of the 


t See, for example, reference 2. 
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Fic. 2. Cylindrical tube in free air stream with heat addition 


within tube. 


unit. The other methods of testing require this deter- 
mination in order that the figure so obtained may be 
added to the thrust read on the scales in order to obtain 
the “net internal thrust’’ of the engine. The scale 
reading in the latter case is obviously not significant, 


SCHEMATIC OF TEST FACILITIES 


VALVE 
VenTuR> 
CHAMBER 


TEST ENGINE 


COMPRESSORS 


T. CHAMBER 


Fic. 3. Schematic diagram of test facilities for simulating 
forward air speed and altitude conditions. 
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since the unit presumably will eventually be mounted 
in an air frame and external flow conditions will be 
greatly altered. 

A schematic test facility of this nature is shown ig 
Fig. 3, with banks of compressors pressurizing the ram 
chamber and evacuating the altitude chamber. Cool- 
ing of the exhaust gases may be obtained by spraying 
water into the hot gases in the altitude chamber. Al. 
ternatively, steam jets may be used in connection with 
the altitude chamber in order to effect a low pressure. 


SEA-LEVEL TESTING 


Testing at sea level, or local altitude conditions, re- 
quires the use of only the ram chamber. The chamber, 
with the attached jet engine, may be mounted on a 
thrust measuring device and a direct reading made of 
the thrust. A flexible coupling at the inlet to the tank 
is required. The indicated thrust must be corrected, 
since it is, in fact, the quantity (w/g)V2. To obtain 
the net internal thrust of the engine, the free-stream 
air momentum, (w/g) Vo, must be subtracted from the 
indicated reading. The rate of flow is easily measured 
by means of venturis in the line, and the free-stream 
velocity Vo corresponding to the known ram pressure 
in the tank may be readily calculated using either as- 
sumed or experimentally determined diffuser efficien- 
cies. 


ALTITUDE TESTING 


Testing under simulated altitude conditions involves 
experimental difficulties over and above the use of the 
altitude chamber. A jet engine and ram chamber 
placed physically at the desired altitude would yield a 
scale reading equivalent to that discussed in the pre- 
vious section, which could be readily corrected for free- 
stream air momentum. However, the scale reading 
will be different when the same jet engine and ram 
chamber are used in conjunction with an altitude 
chamber at, say, sea level, even though the altitude 
chamber is mounted to the exhaust of the jet engine 
with a frictionless slip fit. The necessary additional 
correction is indicated schematically in Fig. 4. The 
reading on the scales mounted on the ram chamber-jet 
engine combination will change because of the existence 
of sea-level pressure, instead of altitude pressure on the 
outside of the tank. The difference will be equal to 


(Po PA, (2) 
where 
P) = ambient pressure 
P, = pressure at simulated altitude 
A, = outside cross-sectional area of jet engine at 


the section where the altitude chamber slip 
joint is located 


The correction given by Eq. (2) may, unfortunately, 
be several times larger than the net internal thrust of 
the engine. For example, if the pressure altitude under 
consideration is one-half atmosphere and the area A, = 
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TESTING 


| sq.ft., the correction (2) would be of the order of 1,000 
lbs., whereas the net internal thrust of the jet engine 
might be of the order of 300 lbs. Obtaining the net in- 
ternal thrust would thus require subtracting two rela- 
tively large numbers to obtain a relatively small one, 
with the consequent errors. 

This difficulty may be avoided by using an impact 
plate to measure the rate of momentum production in 
the exhaust stream of the engine. The only correction 
required to this figure would be, as before, the momen- 
tum of the free-stream air. Such an impact plate could 
be mounted on a thrust-measuring device within the 
altitude chamber, as shown by the dotted lines in Fig. 
3. Impact plates of this type have been used in sea- 
level testing and can, in fact, be reasonably accurately 
calibrated. 
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Appendix 


THRUST ON A JET ENGINE 


A jet engine in a free air stream is shown schemati- 
cally in Fig. 1. The physical thrust (positive to the left) 
experienced by the engine as a result of the pressure 
forces* acting on it may be expressed as follows: 


Fr = f Pcosada + yi P’ cos a’ da’ (A1) 


where 

F, = total axial force on engine 

P = static pressure on inside wall of engine 

P’' = static pressure on outside wall of engine 

a, a’ = angle the normal to the inside and outside 
surfaces, respectively, make with the 
rearward axial direction 

a,a’ = inside and outside surface areas, respec- 


tively 


The force experienced by the air inside the engine 
(positive to the right) is 


w 
ff a da + = = g (V2 — Vi) 
a 
(A2) 
where 
F, = total axial force on gas 
P,, P, = static pressure at inlet and exhaust, re- 
spectively 
A,, Ao = cross-sectional area of inlet and exhaust, 
respectively 
w = rate of flow of gas through engine 


* Frictional forces due to air viscosity are neglected here. 
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Fic. 4. Schematic diagram of ram and altitude chamber. 


Vi, Ve entrance and exhaust velocity, respec- 
tively 

g = acceleration of gravity 

The right-hand member of Eq. (A2) is the rate of 
change of momentum of the gas passing through the 
engine, which, by Newton’s Second Law, is equal to 
the force acting on the fluid. Eq. (A2) neglects the 
effect of additives such as fuel to the air stream. The 
addition of fuel will not affect the basic considerations 
and serves only as a minor correction to the member on 
the right-hand side of Eq. (A2). 

Now if P’ = Py (i.e., the external surface is kept at 
atmospheric pressure by artificial means), then 


Fr = P cos ada + Py (Ai — Az) (A838) 


and for P2 = P; = Py (hence, V; = Vo), we have 
F, = (w/g)(V2 — Vo) = Fr 


or, the net internal thrustt is equal to the physical 
thrust experienced by the engine when the inlet ve- 
locity is equal to free-stream velocity and the external 
surface is subjected to atmospheric pressure. This re- 
sult has been previously shown in reference 1. 

When P; # P» (i.e., when external diffusion is per- 
mitted to occur), then, for P2 = Po, 


w 
Net internal thrust = . (V2 — Vo) = 
w wi 
g (V2 — Vi) - g (Vo — Vi) = 


w 
Peosada+ (Vo — Vi) (A4) 


and, comparing Eqs. (A3) and (A4), 
w/g (V2 — Vo) = Fr 
only if 
P\A; — (w/g)(Vo — Vi) = 
or since w = p,A,V,, if 
A\(P; — Po) = (mAiVi/g)(Vo — Vi) 


That the above condition cannot hold may readily 
be seen by letting V; — 0 (by letting A: become small). 


+ As defined in body of the report. 
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This would predict that P; —, Po, which is obviously in 
error. 

The net internal thrust of the unit when external dif- 
fusion occurs may be obtained from the measured 
thrust, F;, when the external surface is kept at atmos- 
pheric pressure by applying a correction based on the 
measured value of P;. The correction term may be 
obtained as follows: Eq. (A4) may be rewritten 


w 
Net internal thrust = Ps (V2 — Vo) = 


a 


ff 00s «da + Ped Pads + 


Ww 
Vi) = Fr + 


Po wVo 


The ratio V;/Vo may be obtained in terms of free- 
stream conditions and the pressure P; by using the 
energy equation relating conditions at the inlet to con- 
ditions in the free stream—namely, 


2ygRT, (T 
Ve — V2 = (7: = 1) (A6) 
where 
y = specific heat ratio = C,/C, 
R = gas constant 
T = absolute temperature 


Combining Eq. (A6) with the isentropic relationship 
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and the relationship 
M,? = Vo?/ygRTo (A8) 
where J/) = free-stream Mach Number, we obtain 


@) 2 | P, ky = 
. 
Vo (y — | (Ad) 


Further, the quantity wVo/g in Eq. (A5) may be writ. 
ten 


wVo/g = mAiViVo/g 


where p; = inlet density, which, when combined with 
Eqs. (A7), (A8), and the equation of state P;/p, = 
yields 


= (3) (A10) 


and Eq. (A5) becomes 
Net internal thrust = Fr, + PA, X 


1 — — —}i1— All) 
| Vo vj) AM 


where V/V» is given by Eg. (AQ). 

Hence, the correction term on the right-hand side of 
Eq. (All) is a function only of the measured inlet 
pressure and free-stream conditions and can be applied 
to the measured thrust F, to obtain the net internal 
thrust of the engine. 
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in Empirical Study of Low Aspect Ratio Lifting 
Surfaces with Particular Regard to Planing Craft 


By 
W. S. Locke, Jr. 
Navy Department 


This report presents the results of a brief empirical study of 
the lift characteristics in incompressible flow of low aspect 
ratio lifting surfaces. It is indicated that for aspect ratios 
less than about 2.0, the lift coefficient can be estimated with 
reasonable accuracy by 


Ci = nKa"” 


K and n depend only on the aspect ratio, and 7 is primarily 
afunction of the operating conditions. Having assumed 7 
to be unity for rectangular plan-form airfoils, it is then found 
that n is 2/3 for hulls making leeway and 1/2 for flat bottom 
planing surfaces. 


keneralized’ Charts for Determination of Pressure 
Drop of a High-Speed Compressible Fluid in 
Heat-Exchanger Passages 


By 
Michael F. Valerino 


Lewis Flight Propulsion Laboratory, National Ad- 
visory Committee for Aeronautics 


The usual approximation made in calculating the pressure 
changes of a compressible fluid flowing through heat-exchanger 
passages introduce appreciable errors in the range of high flow 
Mach Numbers and high rates of heating. Existing methods 
for obtaining accurate results over the entire Mach Number 
and rate of heating range require numerical integration for 
each set of conditions and are thus too tedious for general ap- 
plication. 


In the present paper an analysis is made of the compressible- 
flow variations occurring in heat-exchanger passages. The 
results of the analysis describe the flow and heating char- 
acteristics for which specific flow passages can be treated as 
segments of generalized flow systems. The graphical repre- 
sentation of the flow variations in the generalized flow systems 
can then be utilized as working charts to determine directly 
the pressure changes occurring in any given flow passage for 
any given flow and heating conditions. Working charts that 
have been constructed on the basis of these results to handle 
the case of air heated at constant wall temperature under 
turbulent fluid-flow conditions are discussed. A method is 
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given of incorporating the effect on the heat-exchanger flow 
process of high temperature differential between passage- 
wall and fluid as based on recent N.A.C.A. experimental 
data. Good agreement is obtained between the experimental 
and the chart pressure-drop values for passage-wall average 
temperatures as high as 1,700°R. (experimental limit) and 
for flow Mach Numbers ranging from 0.32 to 1.00 (choke) at 
the passage exit. 


The Oscillating Wedge in a Supersonic Stream 


By 
G. F. Carrier 


Brown University 


When an obstacle ‘ii a fluid stream is allowed to execute 
oscillations, the pressure distribution on the obstacle will be 
modified. Such a modification frequently implies a dynamic 
stress resultant which leads to the flutter phenomenon. 
Theoretical investigations of this situation for those cases 
where the stream is supersonic and the obstacle is slender 
have been pursued by several authors. A rather complete 
bibliography and a detailed summary of these investigations 
can be found in reference 1. It is to be noted that each of 
these investigations relies on a linearized theory (i.e., a per- 
turbation of a given steady flow) and neglects the presence of 
the shock wave. If one adopts the point of view that the 
oscillating obstacle produces acoustic waves that must reflect 
from the shock, it is evident that the dynamic pressure dis- 
tribution may be considerably modified by these wave re- 
flections. It therefore seems of importance to determine the 
modifications that arise in the theory of an oscillating airfoil in 
a supersonic stream when one takes the presence of the shock 
into account. 

The present paper is a presentation of such a modified 
theory for an oscillating wedge. Specifically, we shall con- 
sider a wedge of finite chord and infinite span which executes 
small oscillations about its leading edge. The perturbation 
wave functions are determined in a conventional product- 
series expansion, and recurrence formulas for the associated 
coefficients are readily obtained. The results are compared 
to those for the no-shock (i.e., indefinitely thin airfoil) situa- 
tion. 
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Problems and Progress in Low Pressures Research 


By 
E. D. Kane and R. G. Folsom 
University of California at Berkeley 


The nature of the theoretical and experimental problems 
associated with the field of rarefied gas dynamics is discussed. 
The types of laboratory equipment judged to be most suit 
able for studying these problems are low-pressure super- 
sonic wind tunnels, molecular beams, and rotating cylinders. 
Experimental results with a model wind tunnel and typical 
supersonic nozzles illustrate the existence of the expected 
large viscous effects and possible slip at the boundary. The 
techniques used and under development for pressure measure 
ment and flow visualization are described. 


Two-Dimensional Airfoils in Hypersonic Flows 


By 
Richard D. Linnell 
Massachusetts Institute of Technology 


Equations for the force and moment coefficients of a sharp- 
edged two-dimensional airfoil are developed on the basis of 
Tsien’s hypersonic similarity law. The coefficients are cal- 
culated for a flat plate and for three airfoils with thickness. 
The optimum airfoil is a wedge whose lower surface is flat, 
with the maximum thickness at mid-chord. The results are 
valid when the product of the Mach Number and the thick 
ness ratio is of the order of 1. 


Applications of the Theory of Free Molecule Flow 
to Aeronautics 


By 
Holt Ashley 
Massachusetts Institute of Technology 


The breakdown of certain assumptions of conventional 
aerodynamics in the case of highly rarefied gas is shown to call 
for the use of the theory of free molecule flow in studying 
forces on bodies moving above 120-150 km. in the earth’s 
atmosphere. A tentative standard table of atmosphere 
properties from 120-220 km. is computed. The parameter 
Mo, ratio of flight speed to most probable speed of air 
molecules, becomes useful in comparing free molecule 
flows. 

Techniques are developed for finding analytically or niimer- 
ically the lift and drag coefficients of any object, based on two 
extreme opposite assumptions concerning the nature of re- 
flection of molecules from surfaces. These methods are 
employed to find coefficients of a number of simple bodies. 

The drag of missiles is demonstrated to be negligibly small 
above 120 km. except at extremely high speeds. The possi 
bility of aerodynamically sustained flight is discussed. 


Notes on Column End Fixity Coefficients 


By 
G. C. Best 
Consolidated Vultee Aircraft Corporation 


The theory relating elastic end restraint to end fixity coeffi 
cients for beams of constant section is developed in a some 


ENGINEERING 


REVIEW—FEBRUARY, 1949 


what different manner than heretofore. A new and simple 
graphical relation results from which arises an approximate 
formula of an accuracy adequate for engineering Purposes, 
Also an approximate formula discovered by N. M. Newmark 
is shown. 


The Analytical Design of an Axially Symmetric 
Laval Nozzle for a Parallel and Uniform Jet 


By 
Kuno Foelsch 
Consulting Physicist and Aerodynamicist 


The equations for the nozzle’s contours are derived by in- 
tegration of the characteristic equations of the axially sym. 
metric flow. Since it is not possible to integrate these equa- 
tions mathematically in an exact form, it was necessary to 
find a way to approximate the calculations. The approxima. 
tion offers itself by considering and comparing the conditions 
of the flow in a cone with those in a nozzle, as a linearization 
of the characteristic equations. 

The first part of the report deals with equations for the 
transition curve by which the conical source flow is converted 
into a parallel stream of uniform velocity. The equations 
are derived by integration along a Mach line of the flow in the 
region where the conversion takes place. A factor f is 
introduced expressing a relation between the direction and 
the velocity of the flow along a certain Mach line. f re. 
mains undetermined and is not involved in the final equa- 
tions. 

In the second part of the report the spherical sonic flow 
section is converted into a plane circular section of the 
throat. The nozzle’s contour adjacent to the throat is formed 
for the are of a circle connected with the transition curve by 
a straight line. The gas dynamic properties of the boundary 
Mach line are calculated in Table 1, the use of which shortens 
the calculations considerably. 


On the Addition of Heat to a Gas Flowing in a 
Pipe at Subsonic Speed 


By 
Joseph V. Foa and George Rudinger 
Cornell Aeronautical Laboratory 


It is shown that, contrary to widely accepted opinions, 

(a) The addition of heat to a subsonic flow in a pipe modi- 
fies the flow conditions both downstream and upstream of the 
region of heat addition. 

(b) The Mach Number of the heated flow does not neces- 
sarily increase, approaching the sonic state, when heat is 
added; instead, it will increase or decrease, depending on the 
boundary conditions. 

(c) The static temperature of the gas does not de 
crease when heat is added within the range of initial Mach 
Numbers from 1 / > to 1.0; instead, it increases continu- 
ously. 

. . . . . 

(d) The attainment of sonic velocity in the heated region 
does not limit the amount of heat that can be added. 

(e) The mass flow may decrease as a result of the addition 
of heat, but this decrease is in no way related to the attain- 
ment of sonic velocity in the heated region. 

A quantitative treatment of the problem is presented for 
the cases of greatest practical interest, and numerical ex- 
amples are given to illustrate the procedures and conclu- 
sions. 


Expe 
P 


Be 
on a 
tunr 
stitu 
com 
duce 
witl 
agai 
The 
that 
of a 
of t 
foil 


Lo 
Sh 


M 


SUMMARIES OF CURRENT IA.8S. PAPERS 41 


ind simple Experiments Ona Laminar Suction Airfoil of 
PTOXimate i also shown to be applicable. ne time history of the tota 
PUT Poses, I Per Cent Thickness lift and mid-chord moment is discussed. It is shown that 
Newmark the total lift increases with time and reaches a maximum that 

By corresponds to the steady-state phase of the flow. The mid- 


chord moment goes through a maximum independent of the 
: Mach Number if the latter value is larger than 4/7 while this 
tric Institute for Aerodynamics, Swiss Federal Institute of maximum can become infinite for a range of Mach Numbers 
t Technology between 4/7 and 1. 


W. Pfenninger 


Boundary-layer suction experiments have been carried out 


ona 17 per cent thick laminar airfoil in the 7 by 16 ft. wind Base Pressures at Supersonic Velocities 


tunnel of the Institute for Aerodynamics at the Federal In- 


stitute of Technology, Ziirich. With small suction quantities B 
(cq, = 0.0014 to 0.0018) the boundary layer could be kept y 
red by in completely laminar on both sides of the airfoil within a con- Freeman K. Hill and Ralph A. Alpher 
ally sym siderable range of lift coefficients. The profile drag was re- Applied Physics Laboratory, The Johns Hopkins 


duced to one-half: ° cax, min. = 0.0023 at Re = 2.4 X 108 


cmt with suction (including the power absorbed for suction) as University 
)proxima: against Cao/ min, = 0.0048 at Re = .2 X 108 without suction. Results are given of flight tests in which base pressures 
-onditions The range of q-values with low drag coefficients was more were directly measured in the range of Mach Numbers 0.8 < 
earization than doubled, and an optimum gliding angle of the airfoil M < 2.5. The base pressure coefficient, p»/g, was found to 
Es ont. = 1/200 was obtained. With moderate deflections be nearly constant for 1.2< M < 1.6 and then to decrease in 
s for a of a small trailing-edge flap (cr fal 0.108¢) it favorable envelope absolute magnitude with increasing Mach Number. The 
ea. of the polars, as well as an optimum gliding angle of the air- values of p»/q appear to be significantly larger in absolute 
soil foil €../one. = 1/250, was reached. value than were obtained from wind-tunnel tests at M = 


1.73 on a model geometrically identical to one of the free- 


Ow in the 
flight test vehicles and from wind-tunnel measurements on 


— f : Loads ona Supersonic Wing Striking a other models. However, all the wind-tunnel measurements 
§ fa Sharp-Edged Gust were at Reynolds Numbers considerably lower than those in 


the flight tests, the latter being of the order of 2 X 107 to 1 X 
108 at M = 1.6. This suggests that at supersonic velocities 
: By there may be a significant scale effect on base pressure. The 
onic Sag M. A. Biot distribution of pressure over the base was found to be essen- 


nal equa- 


of the C ILA | tially constant. No dependence of base pressure on body 
. ora aiiciiihliiiaieanitilnocnaaicneed d length was found in free flight and only a slight dependence on 
curvene A calculation of the chordwise lift distribution, total lift, angle of attack. The functional dependence of base-pressure 
— and moment on a two-dimensional wing striking a sharp- coefficient on the parameter’s Mach Number, Reynolds Num- 
=o edged gust at supersonic speed. A direct solution is estab- ber, body length, position on the base, and body angle of at- 
lished by considering a distribution of sources in a fluid at tack is given in graphical form. 
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HOW to maintain 


CONSTANT 
CABLE 
TENSION 


in your aircraft! 


e under all conditions and 
altitudes of flight 

@ under temperatures 
ranging from -65° to 160°F 


information for all aircraft 


[ This we believe is important | 
manufacturers and engineers 


STURGESS CABLE TENSION REGULATORS 


While some means of maintaining a 
constant tension in aircraft control 
cables has long been sought, the need 
for such a device has become urgent 
with the advent of faster, higher ceil- 
ing, and larger type aircraft which 
magnify the adverse effects of tem- 
perature variation, structure deflec- 
tions, and control system friction. 
Sturgess Cable Tension Regulators 
are the result of nine years of develop- 
ment and test work in which aircraft 
manufacturers and the air forces have 
given splendid co-operation. They are 
light weight, self-contained mechani- 
cal units—non-hydraulic, non-electric. 
The simple locking mechanism, being 
integrally inter-connected to both sides 
of the cable system, prevents any phase 
displacement between the driven and 
driving ends of the control system. 
Sturgess Regulators are designed 
and constructed to give a wearing life 
to all parts, greater than the longest 
major overhaul period of any airplane. 
They are tested under every condition 
of use, in temperatures from over 160° 
F. to under —65° F., and have been de- 
livering trouble-free service on airline 
and military planes for many years. 
THE REGULATING PROBLEM: 
When first approached nine years ago, 
the regulating problem was considered 
only to be the simple problem of com- 
pensating for the effect of change of 
temperature upon the skin of the air- 
frame as compared with the effect upon 
the steel control cables. While this is 
still a major compensating require- 
ment, heavier wing loadings on high 
Speed aircraft, pressurized cabins, and 
heating systems have brought other 
factors to a magnitude requiring major 
consideration. 
THERMAL FACTORS which require 
compensation are: 
(a) Differences in expansion of cable and air- 


frame over the full range of outside tem- 
peratures. 


(b) Temperature lag of the cables in following 


the change in airframe temperature, under a 
rapid temperature change of the outside air. 

(c) The effect of cabin heating or adjacent heat- 
ing ducts causing cable temperatures to 
higher than airframe temperatures. This is 
particularly important where insulation sep- 
arates the airframe from the cables. 

MECHANICAL FACTORS which mili- 

tate against constant control cable 

tension are: 

(a) Flexure of aircraft structure when cable run 
does not coincide with neutral axis of sur- 
rounding airframe. 

(b) Distortion of aircraft structure caused by 
weight and placement of cargo, pressure 
cabins, etc. 

(c) Wear in pulleys and cable. 

(d) Permanent deflection in parts of control sys- 
tem due to wear and overstress. 

Properly designed and installed Cable 

Tension Regulators assure constant 

ease of control and INSTANT RIGID 

RESPONSE to pilot action by main- 

taining within close limits, the ORIGI- 

NAL RIG LOAD, and CONSEQUENT- 

LY FRICTION, of the control system. 


IMPROVE SAFETY in FLIGHT 


Uniform cable tension and therefore rela- 
tively constant friction in a control system 
cannot be over-emphasized, for changes 
in control system friction can completely 
mask the stick forces and thereby cause 
severe differences in pilot sensitivity. This 
applies equally well to systems with or 
without power boost. 


Sturgess Cable Tension Regulators 
OFFER THE FOLLOWING DEFI- 
NITE ADVANTAGES in the handling 
of aircraft: 


(1) They greatly IMPROVE THE STABILITY 
AND FLYING CHARACTERISTICS of the 
airplane for the following reasons: 

(a) They prevent slack cables and erratic 
control under conditions of extreme cold. 


(b) They prevent increased tension and fric- 
tion in cables under conditions of high 
temperature. 

(c) They prevent over-taut and over-loose 
cables under conditions of structure dis- 
tortion caused by heavy loads, concen- 
trated cargo placement, pressure cabins, 
etc. 


(d) They make possible the use of greatly 
reduced rigged tensions, with consequent 
increased ease of handling. Low friction 
characteristics increase pilot feel and 
allow for an increase in aerodynamic 
balance of control surface if desired. 

(e) Uniform tension and friction under all 
conditions of flight are particularly im- 
portant in high speed flight. 

SAVE MAINTENANCE and INSPECTION TIME 


(2) They greatly REDUCE SERVICE REQUIRE- 
MENTS on control systems because: 


(a) They ELIMINATE the necessity of cable 
tension adjustments for different areas 
of operation, or climatic conditions. 

(b) They decrease pulley, pin and cable wear 
and increase their life. 

(c) They permit rigging of cables at any 
hour of day or night under any tempera- 
ture conditions, with assurance that ten- 
sions will remain as rigged. 


GENERAL PRINCIPLE OF CONSTRUCTION 
AND OPERATION OF REGULATOR 


Sturgess Cable Tension Regulators are 
designed for interconnection between 
the two sides of a cable system and 
their operation is governed by the rela- 
tive or differential tension between the 
two cables. 

Essentially the regulators consist of 
(A) one or more compression springs 
introducing a tension equal to the de- 
sired rig load of the cable system and, 
(B) a locking mechanism which allows 
the springs to exert their force in the 
system only when the cable system is 
in neutral, i.e., tension on the two cables 
is equal. When the control column is in 
a neutral position where the tension on 
each cable of a control system is the 
same, the tension regulator spring is 
effective on the system and maintains 
the original rigged load on the cables, 
compensating for any changes that 
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may have occurred due to temperature, 
cable stretch or other mechanical vari- 
ation that might occur in the system. 
But as soon as any control load is ap- 
plied in either direction by the pilot or 
control surface, the regulator locks 
and gives the pilot rigid control. EACH 
TIME, HOWEVER, THE CONTROL 
COLUMN PASSES THROUGH THE 
NEUTRAL POSITION THE RIGGED 
LOAD IS RESET, NO MATTER HOW 
RAPIDLY THIS ACTION MAY 
TAKE PLACE. The entire mechanism 
is simple, devoid of valves, packing 
glands, and similar points of possible 
trouble. 


TYPES OF REGULATORS 


Sturgess Cable Tension Regulators are 

manufactured in two general types. 

(1) Standard units, designed for installation on 
existing control quadrants, sectors or drums, 
or which can be mounted on stationary struc- 
ture to move pulleys over which the cables 
run. Included in this type is the R-72-B 
Regulator. 

(2) Built In Regulators, a more recent develop- 
ment, in which the regulating mechanism is 
designed as an integral part of a quadrant, 
sector, or drum, mounting at either end of 
the —- system. Shown, as one example, 
is R-80. 


TYPE R-72-B 
Incorporates two telescopic tubes for rig load 
springs mounted one on each side of main frame 
brake leaf assembly. This affords a flat design 
for easy installation in confined areas. 


MODEL R-80 QUADRANT 


This model is ideal for large transport or bomber 
planes, providing regulation as an integral part 
of the quadrant structure. 


MAY WE HELP YOU? 


The Pacific Scientific Company engineer- 

ing group will welcome the opportunity 

to co-operate in designing Built In Regu- 

lator units to customer requirements. 

Please send complete control system de- 

tails including: 

(1) Control system layout drawings. 

(2) Size and type of terminal unit. (Lay- 
out drawings when available.) 

(3) Envelope or clearance dimensions. 

(4) Cable size and rig load. 

(5) Compensation travel required. 

A Built In Regulator unit can be de- 

signed to replace almost any standard 

quadrant, sector or drum type terminal 

unit already used, without requiring any 

structural changes in the aircraft. 


Why not write TODAY? 


SCIENTIFIC CO. 


1430 Grande Vista Ave., Los Angeles 23, Calif. 
Phone ANgelus 2-1123 

25 Stillman Street, San Francisco 7, California 
Phone DOugles 2-0934 
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POSITIVE LINE PRIN? 


When you make positive line, dry developed prints, 
you need consistent results from dependable mate- 
rials. That is our constant goal in the manufacture 
of the HELIOS* line of papers, cloths and films. 


To be sure of absolute K&E standards in the color- 
forming components required for these dry diazo 
products, we established a new plant where we 
manufacture HELIOS materials exclusively. We not 
only control and make the finished materials, but 
actually manufacture, from the raw materials, the 
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THAT ARE CONSISTENT 


image-forming chemical components as well. Thus 
HELIOS papers, cloths and films are the direct prod- 
uct of 81 years of K&E experience and K &E insis- 
tence on quality first. 


HELIOS dry developed materials cover a wide field 
of reproduction needs. They consist of Opaque papers 
(black, blue and maroon line) and opaque cloth for 
working prints, besides transparent papers and cloth 
and clear and matte films, for intermediate originals 
(to use instead of Originals), 
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For samples and full information about the HELIOS 
line and what it can do for you, ask any K &E Branch 
or Dealer or write us here in Hoboken, N. J. 


NEW TYPE RULING PENS 


MARATHONTt Ruling Pens hold several times more 
ink than ordinary ruling pens. They save refilling 


time, because they draw five to eight times more line 
between fillings. They are made in three fixed widths 
to rule three difterent widths of line. The ink-flow is 
regular and lines are always sharp, clean and uni- 
form in width. 


MARATHON Pens are easy to handle for guided 
curve lines or freehand contour line work. They can 
be laid down flat even when filled, without the ink 
running out. Easily filled, cleaned and sharpened. 
Sold in sets of three or singly. 


Ask your K &E Dealer or K &E Branch to show them 
to you. 


ENGINEERING 
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YOUR SLIDE RULE 


To the engineer, scientist, mathematician and stu- 
dent, Slide Rules and K&E are synonymous. The 
new N4080 and N4081 LOG LOG DUPLEX TRIG 
and DECITRIG* rules, for instance, are typical of 
the thoroughly seasoned materials, the precision and 
detail of workmanship for 
which K &E Slide Rules 
have long been recog- 
nized as the standard 
of quality. 

When you need a 
Slide Rule, insist 


on K&E. 


*Trade Mark® 
+Trade Mark 
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HOLDS WITHOUT SEIZURE 
AT 1200°F. | 


General Electric TG-190 (USAF J47) Turbo-Jet Engine 


Self-locking Elastic Deflection protects against 
VIBRATION! permits INTERCHANGEABILITY ! 


The extreme heat generated in exhaust 
manifold systems, turbo-jet tail cones 
and similar installations create strength 
and seizure problems in ordinary fasten- 
ers—problems that are solved by ESNA’s 
New Z-1200 Hex and Anchor Nuts. 

These new nuts shown above on the 
tail cone flanges of the General Electric 
TG-190 retain their strength and lock- 
ing torque characteristics even after re- 
peated use at 1200°F. They are readily 
removed . . . do not seize the bolt or 
damage the threads. 

Further, the elastic deflection 
built into the Z-1200’s locking- 
beams makes them re-usable— 
interchangeably . . . because 
exact design assures locking 


ELASTIC STOP NUTS 
ANCHOR WING SPLINE CLINCH 


OVER 450 TYPES AND 


HIGH 
TENSILE 


torque within the tolerance range of 
Class 3 bolts. 

ESNA Z-1200 Nuts—like all Elastic 
Stop Nuts—are designed for rapid field 
service replacements to simplify mainte- 
nance. They are self-locking anywhere 
on a bolt or stud without frictional aid 
from bolt tension or seat pressure. 

HERE’S A CHALLENGE. Send us complete 
details of your toughest bolted trouble 
spot. We’ll supply test nuts—FREE, in ex- 
perimental quantities. Or. if you want 
further information, write for literature. 
Elastic Stop Nut Corporation 
of America, Union, New Jersey. 
Representatives and Agents 
are located in many principal 
cities. 


SIZES IMMEDIATELY 
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HIGH TEMPERATURE NUTS 
HEX AND ANCHOR—FOR 1200 F 
(Esna Type Z-1200) 


Stainless Steel type 18-8 Colum- 
bium stabilized, silver plated, 
the new ESNA Z-1200 nuts will 
NOT seize the bolt or gall the 
finish. Vibration, impact or stress 
reversal will not disturb their 
pre-stressed or positioned 
settings. 


THEY ARE RE-USABLE 


AVAILABLE 
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Aerenautical Reviews 


A Guide to the Current Literaiure of 
Aeronautical Research and Engineering 


I. PERIODICALS AND REPORTS 


The abstracts are classified according to the Standard Aeronautical Indexing System. Numbers in parentheses indicate the 
position of the Division Headings in the numerical arrangement. Headings marked by an asterisk have not yet been established 


by the S.A.LS 
(2) Engineering Practices & Aids (49).... 55 Meteorology (30)... 60 
Fluid Mechanics & Aerodynamic Hydraulic & Pneumatic (20)... .... 55 Operations. 

Thermo-Aerodynamics............ 49 Fuels & Lubricants (12)............. 55 p pI 

Airplane Design & Description (10).. 49 Gliders & Gliding (35)............. 55 “hee Turbine (5) 61 
51 Guided Missiles (1)............... 55 Reciprocating (6) 
Airplane Operation*.............. 51 Industrial Relations (37)............ 57 62 
All-Weather Flying (31) - Laboratories, Aeronautical (50)...... 57 Rotating Wing Aircraft (34)......... 69 
51 Machine Elements (14)............. 57 Sciences, General (33) 
Comfortization (23)................ 53 Materials (8) Stress Analysis & Structures (7)....... 62 
ucation & Iraining............... Nonmetallic Materials............ 60 Thermodynamics (18).............4. 64 


Il. BOOKS REVIEWED IN THIS ISSUE 


Sources of Engineering Information. Blanche H. 67 


Reviewed by Maurice H. Smith, Institute of the Aeronautical Sciences 


Books, reports, and periodicals reviewed in this issue or in previ- $0.30 for each 10- by 14-in. print, plus postage 
ous issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 


Microfilm copies 
on 35-mm. film can be supplied at $0.05 per frame; minimum 
charge—$1.00, plus postage. A service charge of $0.50 per item 
on photostat and microfilm orders is made to nonmembers of the 


are not Members of the Institute may borrow books and, in spe- 1.A.S. 

cial cases, other research material. Members of the I.A.S. may Bibliographies on special subjects will be compiled at the rate 
borrow also from the Engineering Societies Library through The of $2.50 per hour. Translations of technical literature from for- 
Paul Kollsman Lending Library. 


eign languages may be obtained at $12 to $14 per 1,000 words, 
Photostatic copies of material in the Institute’s libraries may depending on the language. 


I.A.S: members receive a 20 per 
be obtained at a cost of $0.25 for each 8- by 10-in. print and 


cent discount on bibliographies and translations. 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, 2 East 64th St., New York 21, N.Y. 
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"AN" CONNECTORS 


FOR POWER, SIGNAL and CONTROL CIRCUITS 
in AIRCRAFT and 
ELECTRONIC EQUIPMENT 


@ Amphenol provides features which compare to and carry beyond 
the specifications for “AN” Connectors. 


1. Non-rotating contacts with solder cups aligned for fast efficient 
soldering. 


2. Coupling rings are a screw machine part made from solid alu- 
minum bar stock providing 80% greater tensile strength. 


3. Contacts are of selected high conductivity alloys, silver plated 
and with pockets pretinned for soldering. 


4, On sizes 20 and up, Amphenol provides 70% thicker inserts— 
stronger to withstand rugged operating conditions. 


5, Coupling rings and assembly screws are drilled for safety 
wiring in accordance with Army-Navy specifications. 


6. For satisfaction and security be sure with “AMPHENOL,” 


@ Let Amphenol engineers and technicians assist you in 
specifying connectors for application and adaptability in in- 
strument, power and control problems—these men are avail- 
able for consultation without obligation. 


72 PAGES OF “AN’’ CONNECTORS 


This is a new catalog, just off the presses a few 

months; long enough, however, to receive the 
acclaims of top engineers as the most complete 
and informative on the subject of ‘'AN’’ Con- 
nectors. We are glad to provide a copy for 
your reference, kindly make request on com- 
pany letterbead to our Department 13E., 


AMERICAN PHENOLIC CORPORATION 


1830 SO. 54TH AVENUE CHICAGO 50, ILLINOIS 
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Aerodynamics (2) 


BOUNDARY LAYER 


Exploratory Wind-Tunnel Investigation of the Effectiveness of 
Area Suction in Eliminating Leading-Edge Separation Over an 
NACA 64,A212 Airfoil. Robert J. Nuber and James R. Needham, 
Jr. U.S., N.A.C.A., Technical Note No. 1741, November, 
1948. 27 pp., illus., figs. 2 references. 

An exploratory wind-tunnel investigation of an NACA 64,A219 
airfoil with a permeable nose of sintered bronze was made to de. 
termine the effectiveness of area suction in controlling leading. 
edge separation. The effect of variations of the relative ey. 
tent of permeable surface area was investigated. The results in. 
dicate that not only was leading-edge separation prevented but 
turbulent separation moving forward from the trailing edge was 
delayed. Maximum effectiveness was obtained at a flow co. 
efficient of 0.0018 with the upper surface porous to 4.5 per cent 
chord. 


CONTROL SURFACES 


Wind-Tunnel Investigation at Low Speed of the Lateral Con- 
trol Characteristics of Ailerons Having Three Spans and Three 
Trailing-Edge Angles on a Semispan Wing Model. Leslie E. 
Schneiter and Rodger L. Naeseth. U.S., N.A.C.A., Technical 
Note No. 1738, November, 1948. 52 pp., figs. 3 references 

An investigation of the low-speed lateral control characteristics 
of an essentially unswept wing, equipped with sealed 20 per cent 
chord plain ailerons having spans of 0.954, 0.583, and 0.294 per 
cent of a full-span aileron, each with trailing-edge angles of 6°, 
14°, and 25°. In tests with the ailerons unsealed, they were used 
as lift flaps having spans of 0.954 and 0.660 per cent of a full-span 
flap. In general, the existing theoretical method for predicting 
the slope of the curve of rolling-moment coefficient with aileron 
deflection for various spans of aileron, gave satisfactory agree- 
ment with the experimental results for ailerons having trailing- 
edge of 6° and 14°. The agreement between the experimental and 
theoretical values for this coefficient was poor for the ailerons with 
a trailing-edge angle of 25°. The existing empirical relationships 
for predicting the incremental change in slope of the curves of 
aileron hinge-moment coefficient, with both aileron deflection and 
with wing angle of attack resulting from an incremental change in 
the aileron trailing-edge angle, may be used satisfactorily to 
estimate the effects of variation of the control-surface trailing- 
edge angle, regardless of the span of the control surface 


Evaluation of a Fixed Spoiler as a Gust Alleviator. Harry C. 
Mickleboro. U.S., N.A.C.A., Technical Note No. 1753, 
November, 1948. 14 pp., illus., figs. 5 references. 


The results of an investigation made in the Langley gust tunnel 
to determine the effectiveness of a fixed spoiler as a gust alleviator 
show that approximately the same maximum acceleration is ex- 
perienced by the model with or without the spoiler in a sharp-edge 
gust. Ina gust with a gradient distance of 12 chords, the use of 
the spoilers resulted in a 30 per cent reduction of the maximum 
acceleration increment produced without spoilers 


FLUID MECHANICS & AERODYNAMIC THEORY 


An Investigation of the Exact Solutions of the Linearized 
Equations for the Flow Past Conical Bodies. O. LaPorte and 
R. C. F. Bartels. University of Michigan, Engineering Research 
Institute, Bumblebee Report No. February, 1948. 7&8 pp., figs. 
14 references. 

A method of determining the solution of the equations formu- 
lated by Busemann for the linearized flow past a conical body 
when the flow is conical. The solution that is obtained satisfies 
the precise boundary conditions along the surface of the body. A 
flow is obtained for which the surface is an actual stream sur- 
face. The components of the velocity of the flow are determined 
by a single analytic function of a complex variable, which plays 4 
role comparable to that of the complex velocity potential in the 
theory of steady irrotational motion of an incompressible, ideal 
fluid. The general problem of conical flow thus formulated is 
treated analytically according to the. theory of functions of a 
complex variable by techniques utilizing conformal mapping. In 
the treatment of the arrow wing, the boundary conditions are 
shown to be insufficient to determine the conical flow past the 
wing. On the other hand, the addition of a supplementary con- 


dition—that the lift coefficient of the wing be finite—suffices to 
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determine the flow uniquely. The work on the conical flow past 
an elliptic cone indicates that the incompleteness of the boundary 
conditions, in the case of the arrow wing, springs from the 
singularities of the surface at the wing edges, because those 
boundary conditions, in the case of the arrow wing, spring from 
the singularities of the surface at the wing edges, because those 
boundary conditions are sufficient to determine a unique conical 
flow past an elliptic cone without edge, which has a finite velocity 
atevery point of the field. 

The Theory of the Impact Tube at Low Pressures. P. L. 
Chambré and S. A. Schaaf. Journal of the Aeronautical Sciences, 
Vol. 8, No. 12, December, 1948, pp. 735-737, figs. 4 references. 

In order to obtain a theoretical basis for the interpretation of 
jmpact-tube measurements taken in a high-velocity gas stream of 
such low pressure that the mean free path is larger than the im- 
pact tube diameter, a formula is derived which relates the free- 
stream Mach Number and the ratio of the product of pressure and 
density in the free stream to that in a reservoir located at the end 
of the impact tube. Unlike the Rayleigh formula, which is based 
on continuum theory, this expression contains, as a parameter, the 
geometry of the tube and yields Mach Number determinations 
that differ greatly from those obtained with the Rayleigh formula. 

Note on the Efficiency of Adiabatic Shock. A. W. Morley. 
College of Aeronautics, Cranfield, England, Report No. 22, Sep- 
tember, 1948. 10 pp., figs. 

Calculations of the efficiency of adiabatic shock in air, when the 
efficiency is defined as the ratio of the work used to compress the 
air in the shock wave from the inlet static to the outlet total head 
pressure to the work required if the compression were isentropic. 
In intakes of propulsive units at supersonic flight, it is seen that, 
with oblique shock, the efficiency is nearly 100 per cent until the 
flight Mach Number reaches about 1.8, after which an appreciable 
decrease occurs. Although the ratio of the pressure behind the 
shock to the pressure ahead of the shock is lower, the same 
pressure ratio can be obtained at a higher efficiency with oblique 
shock than with normal shock. 

An Investigation of the Detached Shock in Front of a Body of 
Revolution. John Dugundji. Journal of the Aeronautical 
Sciences, Vol. 8, No. 12, December, 1948, pp. 699-705, figs. 3 
references. 

An investigation of the velocity distribution between a body of 
revolution in a uniform supersonic stream and the detached shock 
that forms in front of it, in order to find the relations that exist be- 
tween the curvature of the shock wave, the distance from the 
shock to the body along the axis of symmetry, and the curvature 
of the body nose. The values that are obtained for the product of 
shock curvature and distance from the body agree reasonably 
well with the experimental values of Charters and Ladenburg, 
Van Voorhis, and Winkler. 

Spectrum of Locally Isotropic Turbulence. Leslie S. G. 
Kovasznay. Journal of the Aeronautical Sciences, Vol. 8, No. 12, 
December, 1948, pp. 745-758, figs. 15 references. 

A theory to describe the spectrum of locally isotropic turbu- 
lence, which encompasses both the nonviscous region, where 
Kolmogoroff’s second similarity hypothesis may apply, and the 
viscous region, where dissipation is important. The spectrum is 
identical with the — 5/3 power law in the nonviscous range, but at 
the viscous high-frequency end it falls off rapidly. The correla- 
tion coefficients agree with Kolmogoroff’s predictions for both 
small r and for large r and give explicit results in the intermediate 
range. The only free constant in the present theory is.a Reynolds 
Number that corresponds to the smallest eddies. Comparison 
with energy spectrum and correlation measurements shows that, 
for eddies that are large compared with dissipative eddies, the 
agreements and discrepancies with experiment are the same as 
for Kolmogoroff’s theory. Agreement with experiments is satis- 
factory but could be greatly improved by an appropriate theory 
for the mechanism of energy distribution at the low-frequency end 
of the spectrum. 


INTERNAL FLOW 


Performance of Conical Jet Nozzles in Terms of Flow and 
Velocity Coefficients. R. E. Grey and H. D. Wilsted. U.S., 
N.A.C.A., Technical Note No. 1757, November, 1948. 32 pp., 
diagr., figs. 1 reference. 

Performance characteristics of conical nozzles over a range of 
pressure ratios from 1.0 to 2.8, cone half-angles from 5° to 90°, 
and outlet-inlet diameter ratios from 0.50 to 0.91 (inlet diameters, 
5.0 in.) were investigated. The flow coefficients of the conical 


nozzles were dependent on cone half-angle, outlet-inlet diameter 
ratio, and pressure ratio. The velocity coefficients were essen- 
tially independent of cone half-angle and outlet-inlet diameter 
ratio and of pressure ratio below a value of 2.0. The variation of 
performance of several nozzles selected for the same performance 
at a particular design condition was proportional to the ratio of 
their flow coefficients. 

The Efficiency of Adiabatic Expansion. A. W. Morley. 
College of Aeronautics, Cranfield, England, Report No. 21, Sep- 
tember, 1948. 13 pp., figs. 6 references. 

The efficiency of the adiabatic process is defined in terms of the 
fraction of the enthalpy increment, which is reconverted into heat 
by the frictional effects. The general relationships that are de- 
veloped from this definition are used to study the choking mass 
flow through a turbine nozzle. 


THERMO-AERODYNAMICS 


Bibliography of Aerodynamic Heating and Related Subjects; 
An Addendum to Army Air Forces Technical Report No. 5632. 
R. G. DuBois and J. Kelley, Jr. U.S., Army Air Forces, Tech- 
nical Report No. 5633 (ATI No. 13467), September 10, 1947. 97 
pp. 

Contains about 500 references to material published prior to 
July, 1947, which were used in the preparation of a design manual 
at the University of California. A brief abstract or annotation is 
provided for most of the items, and an English translation is given 
for the foreign-language titles. Arrangement is by subject, with 
the references listed alphabetically by author under subsection, as 
follows: Aerodynamic Heating, general, boundary layer; At- 
mospheric Properties; Convective Heat Transfer, general, high 
speed, thermodynamics; Fluid Mechanics, general, boundary 
layer, instruments, pressure distribution, subsonic, supersonic; 
Gases, Properties of; Radiation, general, atmosphere, instru- 
ments, gaseous. 


Airplane Design & Description (10) 


Focke Wulf Designing Offices and General Management, Bad 
Eilsen. V.W. Peterson, G. B. Stephens, and P. Cherney. Com- 
bined Intelligence Objectives Sub-Committee, Item No. 25, File No. 
26-6. 83 pp., figs. 8 references. British Information Services, 
New York. $2.65. 

Summaries of the results of interrogation of the principal per- 
sonnel of the Focke-Wulf installation at Bad Eilsen. Gives 
organization of the firm; annual production figures from 1937 to 
1944; description of facilities and physical layout of the plant; 
personal histories of the people interrogated; current design 
projects; performance, armament, and power-plant specifications 
for fighter, ground interceptor, and fighter-bomber versions of 
the FW-190 and 152; and a review of the status of jet aircraft de- 
velopment in Germany. Research undertaken by Focke-Wulf 
included work on the aerodynamics of jet aircraft, athodyd power 
plants, laminar-flow airfoils, sonic and supersonic flow, compres- 
sibility, sweepback, and wind-tunnel data correction at high 
Mach Numbers. 

Aviation History —1903 to 1960. John K. Northrop. (National 
Air Council Lecture Series.) U.S., Library of Congress, Informa- 
tion Office, Press Release No. 521, November 3, 1948. 23 pp., figs. 
(An address.) 

The progressive changes in the structure and configuration of 
air frames have resulted in increased aerodynamic efficiency and 
made air speeds in excess of 600 m.p.h. possible.” Initially, the in- 
ternal combustion engine was chosen for aircraft power plants 
because of its low weight-power ratio. Recent development of 
the internal-combustion turbine engine has produced the turbojet 
and the turboprop power plants, which have proved more efficient 
than the reciprocating engine at high subsonic and supersonic 
speeds. Increased speeds, increased altitudes, and increased 
power have made aircraft proportionately more costly to develop 
and manufacture, because they have become highly complex 
machines and require accessory systems and equipment for their 
operation. In the next 15 years the long-range bomber will be re- 
placed by the guided missile; the fighter airplane, by a ground- 
to-air interceptor. Manned aircraft will probably be relegated, in 
military operations, to the transportation of cargo and personnel. 
It can be expected that aircraft will operate at speeds of about 
500 m.p.h. and will be powered by turboprop engines. Because of 
the inherent costliness of high power at supersonic speeds, the 
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Why she’s laughing over spilt milk 


PILLS used to mean big cleaning bills can be easily wiped up. Thorough clean Avtrim is an ideal material, too, for 

for airlines. Removing and dry-clean- ing can be d vith soap and water or arm rests, baggage racks, wall paneling 
ing a wool carpet runs into heavy labor a solvent, wi t removing the rug and many other uses. For complete infor- 
and material costs. But this problem has What's more, Avtrim Flight Rugs last mation, write to The B. F. Goodrich Com- 
now been answered by B. F. Goodrich far longer than ordinary carpets. They're pany, Aeronautical Division, Akron, Ohbio. 
engineers—with the Avtrim Flight Rug, easy to install. The flame-resisting sponge 
shown in the Capital Airlines’ picture rubber backing provides cushiony com- B. EF Goodrich 
above. fort, reduces vibration. And the glorious 


Things spilled on an Avtrim Flight Rug colors add new beauty to any cabin. FIRST IN RUBBER 
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turbojet will be restricted in its use by the dictates of military 
expediency. Nuclear energy may be adapted to aircraft propul- 


sion, but it will probably require aircraft structures so costly that 
it will find only limited application. 

Jets Are Not Simpler. Flying, Vol. 43, No. 6, December, 1948, 
pp. 30, 31, diagrs. Comparison of the instrument panels of the 
North American XFJ-1 Fury jet fighter and the F-51H Mustang. 

American Piston-Engined Bombers (Boeing B-29 and B-50, 
Convair B-36, and Northrop B-35). Flight, Vol. 54, No. 2078, 
October 21, 1948, pp. 481-484, illus. 

Czech Trainer (Zlin 26) and Sailplane (Lunak L.102). Flight, 
Vol. 54, No. 2080, November 4, 1948, p. 553, illus. 

New Italian Aircraft (S.I.A.I.-Marchetti SM.101, Piaggio P.136 
Feeder-Line Transports and the Macchi MB.308 Seaplane). 
The Aeroplane, Vol. 75, No. 1952, November 5, 1948, p. 590, 
illus. 

Three Point Précis. Aeronautics, Vol. 19, No. 6, November, 
1948, pp. 27-41, illus., diagrs. Descriptions, specifications, three- 
view sketches, and illustrations of a detail feature of each of 47 
British airplanes, including four rotating wing aircraft. 

British and Canadian Jets (Canadian Avro C.102 Transport, 
Avro Tudor 8 Transport, and the Hawker N 7/46 Fighter). Aero 
Digest, Vol. 57, No. 5, November, 1948, pp. 30, 102, illus. 

British Bombers—Present, Future. Aviation Week, Vol. 49, 
No. 19, November 8, 1948, p. 15. 

Atlas Cut Production Costs for Their New Light Aircraft 
(AtlasH-10). Shell Aviation News, No. 124, October, 1948, p. 23, 
illus. 

Details on Canada’s Jet Fighter (Avro Canada XC-100). 
Aviation Week, Vol. 49, No. 19, November 8, 1948, p. 16, illus. 

First Jet Transport, the (Canadian) Avro XC-102. Aviation 
Week, Vol. 49, No. 18, November 1, 1948, pp. 18, 20, 21, illus. 

(Convair) XPSY-1: Latest Navy Flying Boat. Aviation Week, 
Vol. 49, No. 18, November 1, 1948, pp. 13, 14, illus. 

The de Havilland Dove Ambulance (D.H. 104 Dove). de 
Havilland Gazetle, No..47, October, 1948, pp. 10, 11, illus. 

The (de Havilland) Vampire (Mks. 5, 6, and 50) Ground Attack 
Fighter. Zhe Aeroplane, Vol. 75, No. 1951, October 29, 1948, 
p. 553, diagr. 

Ground, Attack Vampires: Ground Attack (de Havilland) 
Vampires (Mks.5,6,and50). Flight, Vol. 54, No. 2079, October 
28, 1948, p. 526, diagrs. 

Vampire (de Havilland Fighter) War Potential in 1948. The 
Aeroplane, Vol. 75, No. 1952, November 5, 1948, pp. 586, 587, 
illus., figs. Includes charts for comparison of the performance 
of different models of the Vampire. 

A Strategic Transport by Douglas (C-124A All-Purpose 
Transport). Plane Facts, Vol. 5, No. 10, October, 1948, pp. 7, 
8, 29, illus. 

Fokker To-Day; Holland’s Reconstructed Aircraft Industry; 
The New Combined Company; Four New Trainers. Maurice 
A. Smith. Flight, Vol. 54, No. 2079, October 28, 1948, pp. 
511-515, 525, illus. 

The Latest Hawker (N. 7/46 Naval Fighter). Aircraft & 
Airport, Vol. 10, No. 10, October, 1948, p. 36, illus. 

Designing the F-80 (Lockheed Shooting Star). Flying, 
Vol. 43, No. 6, December, 1948, pp. 33, 34, 65, 66, illus., diagr. 

Lockheed Constitution (KR 60-1). Shell Aviation News, 
No. 124, October, 1948, p. 24, illus. 


Mooney M-18 (Personal Airplane). Max Karant. Flying, 
Vol. 43, No. 6, December, 1948, pp. 38, 39, 73-76, illus. 
American Choice (North American F-86 Fighter). Flight, 


Vol. 54, No. 2082, November 18, 1948, pp. 592, 593, illus., diagr. 

Northrop C-125 (Raider) Based on Pioneer (Commercial 
Transport). Robert McLarren. Aviation Week, Vol. 49, 
No. 19, November 8, 1948, pp. 21, 22, 25, 26, illus. 

Flying the Prestwick Pioneer. R. G. Worcester. The 
Aeroplane, Vol. 75, No. 1951, October 29, 1948, pp. 559-561, 
illus., figs. 

Sponson Tribian (British 3-4 Seater Amphibian). Shell 
Aviation News, No. 123, September, 1948, p. 24, illus., diagr. 
The (Vickers) Supermarine ‘Attacker’; Outstanding British 
Fighter. Aviation Week, Vol. 49, No. 19, November 8, 1948, 
p. 19, illus. 


AERONAUTICAL 


REVIEWS 


LANDING GEAR 


Smaller Tires and Lighter, More Efficient Brakes for B-29 
Bomber. Automotive Industries, Vol. 99, No. 9, November 1, 
1948, pp. 41, 66, 68, illus. 

The multiple-wheel landing gear developed by the Bendix 
Aviation Corporation for the B-29 bomber has been designed 
for 56- by 16-in. tires. In addition to a greater blow-out safety 
factor, more efficient braking, reduced size, and greater load 
capacity, the installation provides the aircraft with a footprint 
loading that approaches a loading appropriate for military 
landing strips and effects a saving of 36.4 per cent of the weight 
of the 65-in. tire landing gear with which the bomber was pre- 
viously equipped. 

Metallurgical Examination of Landing Gear Strut, Landing 
Wheel and Tail Wheel Strut Assembly From Japanese Aircraft 
“Betty.” C. A. Reichelderfer, J. M. Blalock, and others. 
Gt. Brit., British Intelligence Objectives Sub-Committee, Report 
No. B.I.0.S./J.A.P./P.R./1482, July 24, 1944. 23 pp., figs. 
British Information Services, New York. $1.45. 

Flying Runways. Shell Aviation News, No. 123, September, 
1948, pp. 12, 13, illus. Caterpillar-track tricycle landing gear 
for the Fairchild C-82 Packet decreases the ground pressure of 
the landing gear by one-third; weight is increased by 1,075 lbs. 

Report on German Work Relevant to the Interaction Between 
Tyres, Vehicles and Road Surfaces. W. J. O. Scott, G. W. 
Calvert, and J. B. Edwardes. Gt. Brit., British Intelligence 
Objectives Sub-Committee, Final Report No. 1717, Item No. 22. 
86 pp., illus., diagrs., figs. 36 references. British Information 
Services, New York. $2.75. 


Airplane Operation* 


Flying the Jet. Harland Wilson. Flying, Vol. 48, No. 6, 
December, 1948, pp. 28, 29, 76, 77, illus. 

Operating Aircraft in Cold Weather. G. W. Wilson and E. P. 
Bridgland. The Aeroplane, Vol. 75, No. 1951, October 29, 
1948, p. 552. (Summary of a paper.) 

Curing Those Ups and Downs. John R. Hoyt. Flying, 
Vol. 43, No. 6, December, 1948, pp. 42, 63-65. Constant- 
altitude and variable-altitude cross-country flight. 

Ground Running Checks on the Tudor IV. A. W. J. Smith. 
The Technical Instructor, Vol. 3, No. 10, October, 1948, pp. 10, 11. 


Airports & Airways (39) 


Airport Financial Management. Leigh Fisher and Robert S. 
Einzig. Aviation Maintenance & Operations, Vol. 10, No. 6, 
November, 1948, p. 31. 

Air Terminal Ground Traffic Problems. Robert Ramspeck. 
Airports & Air Transportation, Vol. 3, No. 65, November 1948, 
pp. 137, 138. 

Draining Airfields by Capillary Attraction. Harold B. Pereira. 
Airports & Air Transportation, Vol. 3, No. 65, November, 1948, 
pp. 123-125, illus., diagr. 

GE-AGA High-Intensity Runway Lighting. General Electric 
Company, Apparatus Department, (Publication) No. GEA 
4931a, October, 1948. 16 pp., illus., diagrs., figs. 

Airports of the World: Karachi (Pakistan), Gateway to the 
East. Airports & Air Transportation, Vol. 3, No. 65, November, 
1948, pp. 127-130, illus. 


All-Weather Flying (31) 
ICE PREVENTION | 


Aircraft De-Icing at A.V.A., Gottingen. J. R. Leach and G. 
Brown. Gt. Brit., British Intelligence Objectives Sub-Committee, 
Final Report No. 585, Item No. 27. 13 pp., figs. British 
Information Services, New York. $0.55. 

Meteorological stations, test facilities, and electrical and hot- 
air methods for deicing airfoils, propellers, windscreens, pitot 
heads, and engine air-intake ducts, developed at the Aero- 
dynamische Versuchsanstalt, G6éttingen, by the Institut fiir 
Kalteforschung. 

De-Icing and De-Misting of Aircraft Windscreens; Investi- 
gation of German Electrically Heated Windows. T.R. Thomas 
and A. C. Waine. Gt. Brit., British Intelligence Objectives 
Sub-Committee, Final Report No. 899, Nos. 25, 27. 10 pp., 
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figs. British Information Services, New ‘York. $0.35. In- 
yestigation of manufacturers of heated laminated plexiglas and 
safety-glass windshields and their electrical components. Ex- 
tremely fine, closely spaced, parallel wires embedded in the 
interface serve as heating elements. 


Atomic Energy (48) _ 


Course in Nuclear Physics for Engineers, January 15-May 
14, 1946. University of California. U.S., Atomic Energy 
| Commission, Document No. MDDC-1014, June 1947 (Declassi- 
| fied January 28, 1947). 152 pp., diagrs., figs. Document Sales 
Agency, Atomic Energy Commission, P.O. Box 62, Oak Ridge, 
Tenn. $0.50. 
Contents: The Cyclotron, R. L. Thornton. The Synchro- 

Cyclotron, E.M. McMillan. The Synchroton, E. M. McMillan 
'p. C. Magnet Design, W. M. Powell. The Linear Accelerator, 
‘W. K. H. Panofsky. Oscillators, K. L. MacKenzie. Van de 
' Graaff Generator, C. M. Turner. Voltage, Current and Phase 
Relations on Transmission Lines, K. L. MacKenzie. Nuclear 
j Physics, Carl Helmholz. Radioactivity, Carl Helmholz. The 
» Interaction of Nuclear Radiation with Matter, Emilio Segré. 
High Vacuum Practice, W. M. Brobeck. Particle Counting and 
Measurement, Clyde Wiegand. The Cloud .Chamber and 
' Cosmic Rays, W. M. Powell. Nuclear Fission, Carl Helmholz. 
| Appendix: Summary of Conversion Factors and Equations 
f Applying to Magnetic Accelerator, W. M. Brobeck. 
_ Meteorological Equipment of the Hanford Engineer Works. 
'P. W. Church and E. A. Gosline, Jr. U.S., Atomic Energy 
' Commission, Document No. MDDC-841, April 17, 1947. 15 
' pp., illus. Document Sales Agency, Atomic Energy Com- 
» mission, P.O. Box 62, Oak Ridge, Tenn. $0.10. 
_ Some Engineering and Economic Aspects of Nuclear Energy. 
M. C. Leverett. U.S., Atomic Energy Commission, Document 
| No. MDDC-1304, September 10, 1947. 11 pp., fig. (An 
5 address.) Document Sales Agency, Atomic Energy Commission, 
' P.O. Box 62, Oak Ridge, Tenn. $0.10. 
Metallurgy in the Development of Atomic Power. John 
fF Chipman. U.S., Atomic Energy Commission, Document No. 
~ MDDC-539, October, 1946 (Declassified November 25, 1946). 
21 pp., figs. Document Sales Agency, Atomic Energy Com- 
' mission, P.O. Box 62, Oak Ridge, Tenn. $0.10. 
| Atomic Bomb Engineering. A.C. Klein. U.S., Manhattan 
: Project, Document, November 20, 1945. 38 pp. (An address.) 
Document Sales Agency, Atomic Energy Commission, P.O. 
Box 62, Oak Ridge, Tenn. Microfilm, $1.00; photostat, $3.00. 
| Atomic Power Engineering. F. C. Von der Lage. U.S., 
> Atomic Energy Commission, Document No. MDDC-792, March, 
1947 (Declassified March 31, 1947). 21 pp. Document Sales 
Agency, Atomic Energy Commission, P.O. Box 62, Oak Ridge, 
Tenn. $0.10. General job information on the work of an 
atomic-power engineer. 
_ Developing a Giant’s Special Skills; A Noted Physicist Out- 
' lines Possible Industrial Uses of Atomic Energy. Eugene P. 
' Wigner. The Pegasus, Vol. 12, No. 11, November, 1948, pp. 11, 
12, 16, figs. 


Comfortization (23) 


Report on Survey of Lighting Preferences of a Group of 
Naval Aviators in the XAM-2 Cockpit Mockup. Fred R. Brown. 
U.S., Naval Air Material Center, Naval Air Experimental 
Station, Aeronautical Medical Equipment Laboratory, Report 
TED No. NAM EL 600, Part I, October 20, 1948. 38 pp., 
illus. More than half the preferences were for a combination 
of indirect lighting with low-level floodlighting, because of the 
need for visibility of the control and indicating elements on the 
consoles. 

Lubrication of Cabin-Pressurization & Air-Conditioning 
Systems. II. D. N. Harris. Aero Digest, Vol. 57, No. 5, 
November, 1948, pp. 63, 64, 66, 68, diagr., figs. The installa- 
tions in the Douglas DC-6, Convair-Liner, and the Boeing 377 
Stratocruiser. 

Aircraft-Seat Testing. Aircraft Production, Vol. 10, No. 
121, November, 1948, p. 365, illus. Techniques used by Con- 
Solidated Vultee Aircraft Corporation to evaluate aircraft seat 
materials. 

Noise Problem Up to Industry. Alexander McSurely. Avia- 
tion Week, Vol. 49, No. 18, November 1, 1948, pp. 27, 28, illus. 


The Aeronautical Research Foundation has reduced the 
noise of personal aircraft to a evel, when flying at 100 ft. altitude, 
below that of automobile traffic. The Stinson Voyager 150 
and the Piper Cub J-3 tandem trainer that underwent modifica- 
tion were fitted with four-bladed fixed-pitch propellers, reduction 
gearing, and exhaust mufflers. 


Education & Training 


Training B.O.A.C.’s Pilots for the Atlantic Services. Charles 
H. Pentland. Shell Aviation News, No. 124, October, 1948, 
pp. 7, 8, illus. 

Reading Skills. M. L. Miller and Fred Couey. Plane 
Facts, Vol. 5, No. 10, October, 1948, pp. 11-13, 32. An in- 
vestigation of the relation between reading skill and pilot training 
aptitude, and a description of methods used to increase rate of 
silent reading. 

The de Havilland School of Flying, No. 1 Reserve Flying 
School—An Informal History of the First Quarter Century. 
The de Havilland Aircraft Co., Ltd., Hatfield, Herts, Eng., 
November, 1948. 23 pp., illus. 

How Jet Jockeys Are Made. John F. Loosbrock. Popular 
Science Monthly, Vol. 153, No. 6, December, 1948, pp. 109-114, 
illus, diagr. Jet pilot training at Williams Air Force Base. 

Aviation Training in India; The New Dominion Trains Her 
Own Radio and Radar Staff. The Aeroplane, Vol. 75, No. 1952, 
November 5, 1948, pp. 591, 592, illus. 

GI Flight Training—Where Does It Stand? Aviation Main- 
tenance & Operations, Vol. 10, No. 6, November, 1948, p. 15 
Statistics on the disposition by the Veterans’ Administration of 
applications for flight training during July and August, 1948, 
under the Servicemen’s Readjustment Act of 1944. 


Electronics (3) 


The Binaural Presentation of Guidance Data. J. Beneke. 
Cornell Aeronautical Laboratory, Inc., Report No. OM-568-P-1, 
October 5, 1948. S8pp.,diagrs. Sreferences. 

Because of the intermittent character of the guidance in- 
formation obtained by a pilot from I.L.S. and G.C.A., which 
may cause his approach to degenerate into a series of long- 
period unstable oscillations about the desired path, the possi- 
bility was investigated of using the binaural direction-dis- 
criminating sense to convey guidance data to pilots. By con- 
necting two amplifiers in push-pull and varying their relative 
bias, the resultant phase shift and variation in intensity between 
the earphones gave an apparent shift in the source of the sound 
from directly left to directly right. Vertical orientation was 
provided by using a signal consisting of two dots and a dash, 
in which the dots varied in pitch, while the dash remained 
constant. 

Interrogation of Prof. Scherzer of the Bevollmichtigter fiir 
Hochfrequenztechnik. R. G. Friend, W. H. Maddison, and 
others. Combined Intelligence Objectives Sub-Committee, Item 
No. 1, File No. 32-87. 11 pp. British Information Services, 
New York. $0.35. 

The status of German research in: radar camouflage by non- 
reflecting materials; centimeter-wave, beam-swinging aerials 
employing transparent dielectric materials susceptible to control 
by an external electric or magnetic field; magnetrons and light- 
house tubes; propagation of waves in the band between the 
infrared and 3 cm.; centimeter-wave receivers; jamming and 
antijamming measures; fire control radar; submarine radar; 
cm.-wave transmitters; and proximity fuses. 

The I.T.T., Siemens, and Robert Bosch Organizations. 
Crainger, Holt, and others. Combined Intelligence Subjectives 
Sub-Committee, Item No. 1, 7, 9, File No. 31-38. 57 pp., figs. 
British Information Services, New York. $1.75. 

Description of the facilities, work, and products of the labora- 
tories of Lorenz A.G. at Landshut, Auerbach, and Falkenstein; 
units of the Siemens Organization at Lichtenfels, Rudolstadt, 
Erlangen, Asch, Pretzfeld, and Miinchen; the Robert Bosch 
A.G. plants at Stuttgart; and the Fernseh Grub H at Tauf- 
kirchen. Includes summary of work of Dr. Goldman of Lorenz 
A.G. in the development of electronic navigation-aid systems; 
a description of the time-modulation technique used in naviga- 
tion instrument approach and control systems; report of an 
interview with Georg Siemens; and a description of television 
homing devices and associated control systems for missiles. 
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Theory of Models of Electromagnetic Systems. George 
Sinclair. Institute of Radio Engineers, Proceedings, Vol. 36, 
No. 11, November, 1948, pp. 1364-1370, fig. 12 references. 
A derivation of the conditions that an absolute model must 
‘satisfy both in order to simulate accurately the geometrical 
‘configurations of the lines of force in the fields of an electro- 
magnetic system and in order to yield measurements that repre- 
sent quantitatively those to be obtained from the full-scale 
system 
ce.” _ German Development of Modulator Valves for Radar Applica- 
tions. H. W. Bahns and H. T. Ramsay. Gt. Brit., British 
E Intelligence Objectives Sub-Committee, Final Report No. 1746, 
Item No. 1. 26 pp., fig. British Information Services, New 
"York. $1.00. 
r durabilit, German Radio Capacitors. S. J. Borgars. Electronic Engi- 
Tiere necring, Vol. 20, No. 249, November, 1948, pp. 355-357, diagrs., 
teri figs. 6 references. 
tte! Potentiometers for Computing Circuits. R. Wilson Williams. 
| Electronic Engineering, Vol. 20, No. 249, November, 1948, 
pp. 358-360, figs. 2 references. 
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Engineering Practices & Aids (49) 


The Bell Relay Computer. Franz L. Alt. 
21, No. 10, October, 1948, pp. 912, 913, illus. 
' Electronic Analogue Computers. I. David Fidelman. 
| Radio & Television News, Vol. 40, No. 6, December, 1948, 
| Radio- Electronic Engineering, pp. 3-6, 29, illus., diagrs., figs. 
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Equipment 
ntz Starter; 
ellent sery Aircraft Accessory Systems. T. B. Holliday. Product 
| Engineering, Vol. 14, No. 11, November, 1948, pp. 119-121, 
Ita. figs. A comparison of the efficiency and the weight penalty 
imposed by the source of power, the distribution system, linear 
and rotary actuators, the reservoir, in hydraulic, pneumatic, 
) electrical, and combined aircraft accessory systems. 


m mainte 


are bein 
_ Steady-State Analysis of Aircraft D-C Generators. Ernest 
Van Valkenburg and Whitney Matthews. Electrical Engineer- 
ing, Vol. 67, No. 11, November, 1948, p. 1041, fig. (Summary of 
a paper.) 
A mathematical analysis of the steady-state characteristics 
ofa d.-c. Senerator that is equally applicable to compound and 
compensated machines. A practical degree of accuracy is ob- 
tained by using an empirical hyperbolic tangent function to 
_ express the dynamo’s nonlinear electrical characteristics. 
'  Auxiliary-Power Turbine Readied. Aviation Week, Vol. 49, 
| No. 19, November 8, 1948, pp. 26, 27, illus. The Solar Aircraft 
' Company Model 80 gas turbine has been developed to supply 
| 400-cycle 120/208 volts a.c. for large aircraft. It is designed to 
operate at a normal maximum power rating of 50 kw. 
Carbon-Pile Voltage Regulator Improvements. B. O. Austin 
and H. H.C. Richards. Electrical Engineering, Vol. 67, No. 11, 
» November, 1948, 1083, illus. (Summary of a paper: Aircraft 


rhaul mar 


-Continen 


' Carbon-Pile Voltage Regulator, Fundamentals and Design 
| Improvements.) 
Protection of the Airplane Main Bus. D. W. Exner. Elec- 


trical Engineering, Vol. 67, No. 11, November, 1948, p. 1050. 
(Summary of a paper.) 
A Polarized Relay as an Aircraft Control Element. Royce E. 
Johnson and Frank A. Glassow. Electrical Engineering, Vol. 
67, No. 11, November, 1948, p. 1059, diagr. (Summary of 
Z, a paper.) 


Aircraft Batteries (Lead and Alkaline); The Accumulatoren 
Fabrik A. G. Hagen, Hannover Plants. U.S. Naval Technical 
Mission in Europe. Gt. Brit., British Intelligence Objectives 
Sub-Committee, Miscellaneous Report No. 46, August, 1945. 
52 pp., illus. British Information Services, New York. $1.90. 


HYDRAULIC & PNEUMATIC (20) 


An Essential Service. The Aeroplane, Vol. 75, No. 1951, 
October 29, 1948, pp. 562-566, illus., diagrs., cutaway drawings. 

Description of the live-line pump and hand pump, electro- 
hydraulic control valves, liquid-spring shock absorber, and nose- 
wheel steering system developed by Dowty Equipment, Ltd., 
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as components for aircraft hydraulic systems controlling, actu- 
ating, and operating or retracting flaps, nose wheel, and main 
undercarriage units. 


Flight Testing (13) 


Principles of Flight Testing. IV—-Take-Off and Landing 
Factors. Aircraft, Vol. 27, No. 1, October, 1948, pp. 21, 42, 43, 
figs. 

That Mysterious ‘‘Five-Engined Plane.”” Aero Digest, Vol. 
57, No. 5, November, 1948, p. 21, illus. A B-17 Flying Fortress 
serving as a flying test bed for the Wright T-35 Typhoon turbo- 
prop installed in its nose. 

Faster Than Sound; The D. H. 108 Flies in the Critical 
Transonic Speed Zone. de Havilland Gazette, No. 47, October, 
1948, p. 3, illus. 


Fuels & Lubricants (12) 


The Oxidation, Ignition, and Detonation of Fuel Vapors and 
Gases. VI—The Prevention of Pre-Ignition and Detonation in 
Gas Engines. R. O. King, W. A. Wallace, and B. Mahapatra. 
Canadian Journal of Research, Section F, Technology, Vol. 26, 
No. 9, September, 1948, pp. 366-373, diagr., figs. 9 references. 

Town gas containing hydrogen in large concentration can 
be used as fuel for a carburetor-type Otto-cycle engine at com- 
pression ratios as high as 10:1 and with mixtures of air in any 
proportion if the accumulation of fluffy carbon in the combustion 
space is prevented. This result confirms the nuclear theory of 
ignition which has been advanced to explain the cause of detona- 
tion in engines. Performance data are given for the variation 
of power and economy with mixture strength and ignition timing 
at compression ratios of 6, 8, and 10:1. 

Purification, Purity, and Freezing Points of 30 Hydrocarbons 
of the API-Standard and API-NBS Series. Anton J. Strieff, 
Janice C. Zimmerman, and others. U.S., National Bureau of 
Standards, Journal of Research, Vol. 41, No. 4, October, 1948, 
pp. 323-357, diagrs., figs. 9 references. Available also as 
Research Paper No. RP1929. U.S. Govt. Printing Office, 
Washington. $0.20. Purification and determination of freezing 
points and purity of 30 hydrocarbons of the API-Standard and 
API-NBS series, including eight paraffins, six cycloparaffins, three 
aromatics, twelve olefins, and one actylene. 

Hydrogen Peroxide: Production by Electrolysis of 35 Per Cent. 
Solutions; Deutsche Gold und Silber Anstalt. B. E. A. Vigers 
and W. S. Wood. Gt. Brit., British Intelligence Objectives Sub- 
Committee, Final Report No. 683, Item No. 22. 26 pp., illus 
British Information Services, New York. $0.90. 


Gliders & Gliding (35) 


Gliding and the Royal Air Force; Its Value as Flying Training. 
H. Neubroch. Flight, Vol. 54, No. 2082, November 18, 1948, 
pp. 589-591, illus. 

Soaring in France: The Montagne Noire National Soaring 
Centre. Guy Borgé. Sailplane and Glider, Vol. 16, No. 10, 
October, 1948, pp. 3-6, illus. 

Gliding Progress in New Zealand. 
Vol. 16, No. 10, October, 1948, pp. 2, 3. 

The Adour (Castel-Mauboussin CM 7); New French High- 
Efficiency Two-Seater Sailplane. Flight, Vol. 54, No. 2080, 
November 4, 1948, p. 549, illus., fig. 


Sailplane and Glider, 


Guided Missiles (1) 


Telemetering Guided-Missile Performance. James C. Coe. 
Institute of Radio Engineers, Proceedings, Vol. 36, No. 11, Novem- 
ber, 1948, Waves and Electrons Section, pp. 1404-1414, illus., 
diagrs., figs. 1 reference. 

A discussion of the requirements of telemetering systems 
and their air-borne and ground installation, with details of an- 
tenna and transmitter installations, transducer designs, and 
frequency-modulated multiple-subcarrier and _pulse-position 
systems used at the U.S. Naval Aircraft Missiles Test Center, 
Pomt Mugu, Calif. Includes a tabulation of the accuracies 
that can be obtained from frequency-modulated multiple-sub- 
carrier telemetry, using variable-reactance transducers, to in- 
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CUSHIONED LANDINGS 


BELL HELICOPTER 


AERONAUTICAL ENGINEERING 


REVIEW—FEBRUARY, 1949 


with Electrol Landing Gear Oleos 


BR AIRCRAFT CORPORATION engineers, 

seeking the best in equipment for their 
Model 47D Helicopter, specified Electro! 
Landing Gear Oleos for the vital job of 
cushioning landings. 


Like other essential hydraulic devices, 
bearing the Electrol name, these specially 
designed Oleos fully meet the exacting 
requirements of helicopter operations. They 
are light in weight, easy to install, service 
and maintain. And through Electrol’s scien- 
tific design and advanced production 
techniques, the economies of manufacture 


achieved are passed along to the user. 


No matter how specialized your needs 
Electrol hydraulic engineering is sure to 
Prove a time and money saving service in 
your development work. 


Electrol 


INCORPORATED 


KINGSTON, NEW YORK 


CYLINDERS + SELECTOR VALVES + FOLLOW-UP VALVES 
CHECK VALVES 
POWERPAKS + 


* RELIEF VALVES HAND PUMPS 


LANDING GEAR OLEOS * SOLENOID 


VALVES «ON-OFF VALVES+SERVO YLINDERS * TRANSFER 
VALVES * CUT-OUT VALVES + SPEED CONTROL VALVES 


FOR BETTER HYDRAULIC DEVICES 
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troduce the measured quantity into the transmitter; and a 
tabulation of the overall accuracy to be obtained when resist- 
ance transducers are attached to typical end instruments. 


Industrial Relations (37) 


Physical Capacity of Employees. F. E. Poole. Aircraft 
Production, Vol. 10, No. 121, November, 1948, pp. 388-380. 

The employee-placement policy of the Lockheed Aircraft 
Corporation, in order to make the most efficient use of the 
abilities of-its personnel, explicitly provides for physical limita- 
tions. After a comprehensive preplacement medical examina- 
tion, the limited employee is assigned a class number that in- 
dicates to his immediate supervisor the types of activity the 
worker is prohibited from doing. 


Instruments (9) 


Blind-Flying Instrument with Coordinate System. Ulrich 
K. Henschke and Hans A. Mauch. U.S., Air Force, Air 
Materiel Command, Engineering Division, Aero Medical Labora- 
tory, Memorandum Report No. MCREXD-696-110 C (GS- 
USA F-Wright-Patterson #162), July 12,1948. 11 pp., figs. 

Development of the display of the ‘“‘Reflex Horizon.’”’ The 
original model that was suspended in front of the pilot was modi- 
fied for installation in an instrument panel. The indicating 
sphere is stabilized in space, and a portion of its illuminated 
coordinate system is projected on a ground glass by a lens system 

Adjustments Common to Mechanical Instruments. C. Wil- 
liams. The Technical Instructor, Vol. 3, No. 10, October, 1948, 
pp. 12-16, figs. Lever-length and lever-angle adjustment of the 
altimeter, air-speed indictor, and the rate-of-climb indicator. 

On the Level; A New Electrically-Actuated Gyro Horizon by 
Sperry. Flight, Vol. 54, No. 2078, October 21, 1948, pp. 479, 
480, illus. 

Pointing the Limit; A New Smiths Instrument to Show 
Actual and Maximum Safe Air Speed. Flight, Vol. 54, No. 2080, 
November, 1948, pp. 550, 551, illus., cutaway drawings. 

Know Your Compass. Robert F. Sanderson. Skyways, 
Vol. 7, No. 11, December, 1948, pp. 32, 33, 47, 48, 51, illus. 
Directions for using a compass rose or an astrocompass to 
determine the deviation of an airplane magnetic compass. 

Characteristics of a Magnetic Compass. I. A. Kingsnorth. 
The Technical Instructor, Vol. 3, No. 10, October, 1948, pp. 3-9, 
figs. 

Beryllium Nickel Alloys. U.S., Field Information Agency, 
Technical, Technical Bulletin No. T-25, April 21, 1947. 2 pp. 
British Information Services, New York. $0.10. Manufacture 
and properties of titanium and beryllium bearing alloys martu- 
factured by Heraeus- Vacuum Schmelze, Hanau, for use in watch 
springs. 


Laboratories, Aeronautical (50) 


Wartime Aeronautical Research & Development in Germany. 
I. J. J. Green, R. D. Hiscocks, and J. L. Orr. Engineering 
Journal, Vol. 31, No. 10, October, 1948, pp. 531-533, illus. 

The general organization, control, direction, and policy of 
German aeronautical research establishments and their relation 
to industry, government, and the armed forces. Descriptions 
of the plant, equipment, facilities, personnel, and research pro- 
gtams of the Luftfahrtforschungsanstalt Hermann G6ring, the 
Luftforschungsinstitut Graf Zeppelin, the Luftfahrtforschungs- 
anstalt Miinchen, and the high-speed wind tunnel of the 
Deutsche Versuchsanstalt fiir Luftfahrt are condensed from a 
teport submitted by an inspection team of the National Re- 
search Council, Canada. 

Deutsche Forschungsanstalt fiir Segelflug (German Glider 
Research Station). John A. O’Mara. Combined Intelligence 
Objectives Sub-Committee, Item No. 6, File No. 32-66. 221 
pp., illus. British Information Services, New York. $4.80. 

Translations of reports made to the C.I.0.S. team by Dr 
W. J. O. Georgii, the director of the Deutsche Forschungsanstalt 
fiir Segelflug, and by the heads of its various subdivisions give 
an overall picture of the way aeronautical research was or- 
ganized in Germany and a résumé of the work of this establish- 
ment in pure research and in the design, development, and testing 
of aircraft and aircraft equipment. Projects undertaken be- 
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tween 1939 and 1945 included; methods of towing gliders; tropos- 
phere gliding; air-intake diffuser design for intermittent-jet 
engines; aircraft stability; automatic control systems; infrared 
television; and gyroscope theory. In addition to a brief history 
and outline of the organization of the establishment and a list 
of its personnel, a summary is given of the theoretical mathe- 
matical work done in Germany on the problem of pursuit curves. 
This summary is accompanied by two detailed papers on the 
same subject—one by Dr. Hellmuth Hasse and the other by 
Dr. W. Magnus. An index with brief abstracts or annotations 
is included of the publications of the D.F.S. which were received 
by.the Allied Documents Receiving Center. 

A Hightly Sensitive Differential Manometer. U.S., National 
Bureau of Standards, Technical Report No. 1292, November, 
1948. 3 pp. 1 reference. 

Pressure differences as small as one millionth of an atmos- 
phere can be detected over a range of total pressure from 1 mm. 
to 1 atmosphere. It operates on the principle of the aneroid 
barometer and may be used to compare pressures of gases, organic 
vapors, and noncorrosive liquids. 

The Zehnder-Mach Interferometer. T. J. Keating. Plane 
Facts, Vol. 5, No. 10, October, 1948, pp. 20, 21, 28, 29, figs. The 
principle of the Zehnder-Mach interferometer and its application 
to the quantitative variation in density or temperature of an air 
stream. 

Continuous Oscillograph Camera for Ionosphere Measure- 
ments. James E. Hacke, Jr. Instruments, Vol. 21, No. 10, 
October, 1948, pp. 914, 915, illus. 

Navy Using Largest Test Machine. Aviation Week, Vol. 49, 
No. 19, November 8, 1948, p. 33, illus., diagr. 

Description, method of operation, and regulation of the 
2,500-ton-capacity Baldwin testing unit. Thirty-foot specimens 
can be subjected to compression and tension. Fifty-foot speci- 
mens can be accommodated in bending tests. 


Machine Elements (14) 


‘‘Necked” or ““Waisted”’ Screws and Bolts; Their Possibilities 
in the Field of Engine Production. P. M. Heldt. Automotive 
Industries, Vol. 99, No. 9, November 1, 1948, pp. 42, 43, 82, 84, 
figs. 

Journal Bearings with Diminishing Oil Supply. H. A. S. 
Howarth. Product Engineerng, Vol. 14, No. 11, November, 
1948, pp. 104-109, figs. 

Nut and Bolt Considerations. Plane Facts, Vol. 5, No. 10, 
October, 1948, pp. 14, 15, illus. Description of the data that 
can be obtained with the torsion and tension machine and the 
vibration machine developed by the Delron Company, Inc. for 
testing nuts and bolts under service conditions. 


Maintenance (25) 


Phase Maintenance. S. N. Rosengren. Aviation Main- 
tenance & Operations, Vol. 10, No. 6, November, 1948, pp. 26, 27, 
tables. The phase-maintenance program adopted by Scandi- 
navian Airlines System. Greater aircraft utilization increased 
revenues by 25 per cent. 

Checking Engine Clearances. Aviation Maintenance & 
Operations, Vol. 10, No. 6, November, 1948, pp. 24, 25, illus. 
Includes tabulation of recommended clearances for Continental 
engines. 

To Paint or Not To. Lee Irwin. Skyways, Vol. 7, No. 12, 
December, 1948, pp. 20-22, 42, 49, illus. Comparison of cost of 
maintaining an aircraft with a wax-polished skin with that of an 
aircraft with a painted skin. 

Douglas Service, Vol. 6, No. 11, November, 1948. 20 pp. 
illus., diagrs., figs. 

Contents: Propellers—Description and Operation of Hamilton 
Standard Hydromatic Propellers, DC-6. Service Hints, General. 


Flight Controls Rigging Chart—Throw and Tolerances, DC-6. . 


Propeller Synchronizer—Description, Function and Rigging of 
System, DC-6. Cabin Pressure Valves—Rigging Procedure for 
Manual and Automatic Relief Valves, DC-6. Cabin=Super= 
charger Lubricants—Approved Oils and Greases, DC-6. Cabin 
Humidifier System—Operation and Maintenance, DC-6. Service 
Bulletins, DC-4, DC-6. Cabin Supercharger Tool, DC-6. 
CO, Discharge Nozzles, DC-6. Ventilating Duct Drains— 
Description of System, DC-6. Advance Engineering Changes, 
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HERE'S NEWS! | 


you want 
IMMEDIATE 


ds of strai 
records of strains... 
| Here's a strain measuring device that produces 
4 records immediately for interpretation. The 
: “STRAIN ANALYZER" consists of a Model BL-310 
Strain Amplifier and the Brush Direct-Inking 
Oscillograph. It’s completely self-contained, re- 
quiring only two external strain gage connec- 


tions, one dummy gage and one active gage 
cemented to the piece being tested. 


The equipment records either static or dynamic 
strains up to 100 cps. Direction as well as 
magnitude of the measured strains can be read 
from the record. The “STRAIN ANALYZER” is 
readily calibrated for individual gages so that 
the strain can be read from the chart directly 
in microinches per inch. 


When used with Baldwin Southwark SR-4 Gages 
of 120 ohm resistance, the maximum sensitivity 
of the unit is 10 microinches per inch strain per 
chart division pen deflection. An attenuator 
switch changes the sensitivity in the following 
steps: 10, 20, 50, 100, 200, 500, 1000 and 2000 
microinches per inch per division. While spe- 
cifically designed for the 120 ohm gage, the 
equipment can be used for higher resistance 
gages. It is also applicable for use with many 
resistance sensitive pickups and can be used 
to record pressures, temperatures, accelera- 
tions, forces, etc., provided the equipment is cali- 
brated in the terms of the particular pickup used. 


he 


\nv 


The new Model 
BL-310 Strain Measur- 
ing Equipment with Brush Direct 
Inking Oscillograph. 


Write today for detailed specifications ... 


3405 Perkins Avenue e Cleveland 14, Ohio, U.S. A. 

4 MAGNETIC RECORDING DIV, e ACOUSTIC PROD. DIV. 

INDUSTRIAL INSTRUMENTS DIV. © CRYSTAL DIV. 
DEVELOPMENT CO. Canadian Representatives: 

A.C. Wickman (Canada) Ltd. P. O. Box 9. Station N. Toronto 14 
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DC-6. Shock Strut 
Inflation Charts. 


Servicing—Nose Gear and Main 


Materials (8) 
METALS & ALLOYS 


Fracturing Characteristics of Aluminum-Alloy Plate. L) 
Klingler and G. Sachs. Journal of the Aeronautical Scien 
Vol. 8, No. 12, December, 1948, pp. 731-734, figs. 8 reference 

Commercial hot-rolled 1'/.-in. 24ST aluminum plate exhiby 
large variations in fracture stress and reduction ‘in area 
different orientations of the test specimens. These variatijM 
were attributed to mechanical anisotropy in the plate. Measiim 
ment of the angles at which the specimens fractured indieg 
the presence of a plane of weakness, but no fracture function com 
be found to correlate this with the fracture stresses and qi 
tilities 

Ultimate Stresses Developed by 24S-T and Alclad 7 
Aluminum-Alloy Sheet in Incomplete Diagone! Tension. L. Ra 
Levin U.S., N.A.C.A., Technical Note No. 1756, Nove 
1948. 13 pp., figs. 5 references & 

The ultimate shear stress indicated by tests was essentialf 
independent of the rivet factor if the rivet factor was grea 
than 0.6. Curves showing the effect of diagonal tension ong 
ultimate shear stress in the gross section supersede those gi 
in N.A.C.A. Technical Note No. 1364 

A Metallurgical Investigation of Two Turbosuperchaf 
Discs of 19-9DL Alloy. E. E. Reynolds, J. W. Freeman, af 
A. E. White. U.S.,  N.A.C.A., Technical Note No. 
November, 1948. 25 pp., figs. 4 references. 

Two turbosupercharger discs of 19-9DL alloy were tested] 
determine the properties at room temperature and 1,200% 
of this material in forgings of the size used in service. Ba 
discs were given hot-cold-working treatments at 1,300° to 138% 
F., but one was solution-treated and the other left in the as 
forged condition. Because the number of specimens was limi € 
General Electric Company data are included. Rupture strengf 
at 1,200°F. were good. Benefits of hot-cold-work on ruptti 
strengths at 1,200°F. were not retained at 1,350°F.; rupture tt 
ductility was extremely low; the discs had fair uniformity@ 
properties; and the properties compared favorably with thosegl 
bar stock. There was no appreciable difference in propertits 
between the two forgings. 

Symposium on the Welding of Light Alloys: Discussion @ 
Technical Paper on The Causes of Scatter in the Tensile Strengit 
of Magnesium-Manganese Alloy Welds. Sheet Metal Industri, 
Vol. 25, No. 259, November, 1948, pp. 2274, 2276. 


Properties of 19-19DL Alloy Bar Stock at 1200° F. J. W 
Freeman, E. E. Reynolds, D. N. Frey, and A. E. White, US, 
N.A.C.A., Technical Note No. 1758, November, 1948. 4 
pp., figs. 2 references 

Data were obtained 1,200°F. for 19-9DL alloy bar stock ii 
three conditions: hot-rolled, hot-cold-rolled, and_ solution 
treated. All samples were stress-relieved. Properties reported 


include tensile data at room temperature and tensile, rupture, 
creep, total-deformation, and stability test data at 1,200°F. 
Hot-cold-worked stock gave highest strengths at 1,200°F. for 
short time periods and high stresses. Solution treatment was 
best for long time periods and low stresses. Properties showed 
that strength is dependent on the composition, size, dispersion 
and precipitated particles, strain-hardening from cold-work, 
and structural stability 

Metal Cleaning. T. C. Du Mond. WJMaterials & 
Vol. 28, No. 5, November, 1948, pp. 83-94, illus. 

The Production of Aluminum in Italy. W. B. C. Perrycoste 


Vethods, 


Gt. Brit., British Intelligence Objectives Sub-Committee, Final 
Report No. 308, Item No. 21, February, 1946. 30 pp. | British 
Information Services, New York. $1.00. 

Finishes for Machine Parts. Joseph Mazia. Machine 


Design, Vol. 20, No. 10, October, 1948, pp. 125-128, illus 

Materials Joined by New Gold Welding Process. A. B. 
Sowter. Materials & Methods, Vol. 28, No. 5, November, 1948, 
pp. 60-63, illus. 

Light Alloys in Western Germany, with Particular Reference 
to Rolling of Magnesium Alloys, and Rolling Mills. A. Brandt, 
J. L. Haughton, R. Jones, and others. Gt. Brit., British It 
telligence Objectives Sub-Committee, Final Report No. 1756, Item 
No. 21. 66 pp., diagrs. British Information Services, NeW 
York. $1.90. 
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Some of America's finest air- 
craft depend: on FEATHER- 
WEIGHTS for oil cooling. 


Why Feather Weights lead 


Unique construction and superior testing make FEATHER- 
WEIGHT Oil Coolers first choice for more and more modern air- 
craft. 

Light, strong and compact because of patented aluminum alloy 
brazing of their thin all-aluminum sections, FEATHER-WEIGHTS 
offer the maximum weight-strength combination. 

Thoroughly tested in our wind tunnel laboratory, the largest, 
most modern in the aeronautical heat exchanger industry, 
FEATHER-WEIGHT performance is accurately predicted under 
actual flying conditions. 

Inquiries concerning FEATHER-WEIGHT all-aluminum oil 
coolers are invited. CLIFFORD MANUFACTURING COMPANY, 573 
GROVE STREET, WALTHAM 54, MAss. Division of Standard- 
Thomson Corporation. Offices in New York, Chicago, Detroit, 
and Los Angeles. 

Aircraft ( ) Steam Trap 


Instrument = Bellows Bellows 

Bellows ssembly Assembly 


i 


ALL-ALUMINUM OIL COOLERS 
FOR AIRCRAFT ENGINES 


HYDRAULICALLY - FORMED BELLOWS 
AND BELLOWS ASSEMBLIES 
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Magnetic Measurement of Composite Copper-Nickel Coatings. 
U.S., National Bureau of Standards, Technical Report No. 1289, 
November, 1948. 4pp., fig. 1 reference. 

A nondestructive magnetic method for determining the thick- 
ness of composite copper-nickel coatings electrodeposited on 
steel. By measuring the attractive force between the plated 
specimen and two permanent magnets of different strengths, 
values are obtained which, in conjunction with a set of pre 
viously determined calibration curves for each magnet, indicate 
the total thickness of the coating and the relative thickness of the 
copper and nickel layers. 

Low-Temperature Properties of 18:8 Steel. U.S., National 
Bureau of Standards, Technical News Bulletin, Vol. 32, No. 11, 
November, 1948, pp. 129-132, illus., figs. 


Some European Researches On Passivity. U. R. Evans: 
Corrosion, Vol. 4, No. 11, November, 1948, pp. 545-556. 27 
references. 

NONMETALLIC MATERIALS 
High-Temperature Ceramic Coatings for Molybdenum. 


U.S., National Bureau of Standards, Technical News Bulletin, 
Vol. 32, No. 11, November, 1948, pp. 125, 126, figs. 

German Laminated Plastic and Sleeving Industry. F. G. 
Cooke and P. J. Gordon. Gt. Brit., British Intelligence Ob- 
jectives Sub-Committee, Final Report No. 1709, Item No 
10 pp. British Information Services, New York. 
Methods used in the production of resin-impregnated cotton 
sleeving, coated wire, and boards made of.compressed resin- 
impregnated paper which were used for aircraft fuselage con- 
struction. 

Electrical Aspects of Buna, with Some Notes on Other Di- 
electrics. I, II. G. M. Hamilton and A. A. New. Gt. Brit., 
British Intelligence Objectives Sub-Committee, Final Report No. 
1714, Item No. 22, 1944. 2 Vols., 323, 387 pp., illus., diaczrs., 
figs. 130 references. British Information Services, New York 
$7.15, $10.80. 

A summary of I. G. Farben research on the electrical and 
mechanical properties of Buna synthetic rubbers, polyvinyl- 
chloride, phenolic resins, polyurethanes, polystyrene, polyiso- 
butylene (Oppanol), polyethylene (Lupolen), and acetylated 
and resin impregnated cable paper. Mechanical, electrical, 
thermal, optical, and chemical methods were used in the testing 
of polymers. The degree of polymerization was determined 
from the molecular weight obtained by an osmometric method, 
and the degree of branching was established from viscosity 
determinations. Considerable improvement in the electrical 
properties of polymers, which persisted in the vulcanisate, was 
achieved by special methods of precipitation of emulsion-poly- 
merised lattices and by washing the product. The resistivity 
and dissipation factor could be improved to some extent by an 
increase in the styrene content, but this had the undesirable 
effect of increasing the temperature coefficient and of decreasing 
the cold resistance of the product. The best values were dis- 
played by the bulk-polymerized numbered Bunas. Research 
had been done on the development of blowing agents for manu- 
facturing sponge rubber, accelerators, softeners, and fillers and 
extenders and also on the structural origin of the electrical and 
mechanical properties of Bunas. The nomenclature of the 
numbered and lettered Bunas is included. The report, in general, 
is based on interrogations of I. G. Farben personnel, with suf- 
ficient interpolation of related matter from I. G. Farber reports 
and publications, to which reference was made to correlate the 
wide field covered. The appendixes contain the texts of two 
English*publications and translations of 39 of the more important 
reports of I. G. Farben workers in this field. 


29 


$0.55 


SANDWICH MATERIALS 


Bending and Buckling of Sandwich Beams. N. J. Hoff and 
S. E. Mautner. Journal of the Aeronautical Sciences, Vol. 8, 
No. 12, December, 1948, pp. 707-720, illus., figs. 5 references 

A theory, based on the principle of virtual displacements, is 
developed for the bending and buckling of structural elements 
of sandwich construction. Comparatively simple formulas, 
suitable for routine calculations, are obtained by considering 


only the essential portions of the strain energy stored during , 


deformation. These are the strain energy caused in the faces 
by extension and bending and that caused in the core by shear 
and by extension perpendicular to the plane of the faces. The 
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strain energy of shear in the faces and that of extension paral 
to the faces in the core are disregarded. Beam and column tey 
results from 64 specimens were in good agreement with theo 
in all the beam tests and in the column tests when the core of th 
sandwich structure was balsawood. A number of sandwich 
columns having a cellular cellulose acetate core failed unde 
loads smaller than those predicted by theory. This early buck. 
ling was attributed to weak spots in the core material or th 
adhesive. 


Meteorology (30) 


Meteorological Conditions Favourable for the Occurrence of 
Poor Visibility and of Low Cloud at Shannon Airport. M.¢ 
Granville. Jreland, Meteorological Service, Technical Note No 
9 (Advance Issue), 1948. 4 pp. 

Winter Precipitation as Related to the 700-Mb Circulation, 
William H. Klein. American Meteorological Society, Bulletin, 
Vol. 29, No. 9, November, 1948, pp. 439-453, figs.. 24 references 

Humidity Test Apparatus. U.S., National Bureau of Stand. 
ards, Technical News Bulletin, Vol. 32, No. 11, November 
1948, pp. 127, 128, illus., diagr. 1 reference. 

The divided-flow, low-temperature humidity test apparatys 
produces air of known relative humidity at.temperature from 
to —40°C. for calibrating and testing the humidity-sensing ee. 
ments used in radiosonde equipment. 


Military Aviation (24) 


Operational Concepts for Modern War. Dale O. Smith 
Air University Quarterly Review, Vol. 2, No. 2, Fall, 1948, pp 
3-14. An evaluation of the combat effectiveness of the atomic 
bomb and a comparison of the operational doctrine required for 
its efficient employment with conventional sustained bombing 
operations. 

Air Power and Principles of War. Frederick E. Calhoun. 
Air University Quarterly Review, Vol. 2, No. 2, Fall, 1948, pp. 
37-47. 

The Strategic Striking Force. Frank R. Pancake. Air 
University Quarterly Review, Vol. 2, No. 2; Fall, 1948, pp. 48-56 
An analysis of the essential requirements for the conduct of 
successful strategic air operations. 

Air Power and Foreign Policy. John P. Healy. Air Univer. 
sity Quarterly Review, Vol. 2, No. 2, Fall, 1948, pp. 15-26. 

Radio Counter-Measures; (Their Role in Aerial Warfare). 
Frederick L. Moore. Air University Quarterly Review, Vol. 2, 
No. 2, Fall, 1948, pp. 57-66. 

Plane-Sub Team Devised for Navy. Robert Hotz. Aviation 
Week, Vol. 49, No. 19, November 8, 1948, pp. 12, 13, illus. A 
proposal to use flying boats, fueled and supplied at sea by sub- 
marine tenders, for long-range bombing operations. 

The Berlin Airlift. Paul Fisher. The Bee- Hive, Vol. 2, 
No. 4, Fall, 1948, pp. 3-31, illus. 

“Can Do!” Gill Robb Wilson. The Pegasus, November, 
1948, pp. 1-5, illus. The Berlin air lift. 

Antarctic and Aviation. Frank Illingworth. 
No. 2080, November 4, 1948, pp. 541, 542, illus. 


Flight, Vol. 54, 


Operations 
COMMERCIAL (41) 


Scheduled Airlines’ Progress Toward Regularity of Service 
and On-Time Operation. Milton W. Arnold. Air Transpor 
Assn. of America, November 10,1948. 14pp. (An address.) 

The installation of I.L.S., the distribution of arrival and 
departure load peak, and more efficient airport and ground 
handling procedures at La Guardia Airport have substantially 
reduced the number of flight cancellations, flight delays, and the 
duration of the delays during the first quarter of 1948 

The Elephant and the Mouse. The Aeroplane, Vol. 75, No. 
1952, November 5, 1948, pp. 594-596. A discussion of the 
traffic potential for second-class air-transport accommodations 

Freighting Lore: Air Mail. I. H.W. Ainsley. Airports ® 
Air Transportation, Vol. 3, No. 65, November, 1948, pp. 11% 
122, illus. A brief history of British air-mail policy. 

A Visit to America; Some Facts, Figures and Impressions of 
the Aviation Scene in USA and Canada. Stanley Brogden. 


Aircraft, Vol. 27, No. 1, October, 1948, pp. 12-15, 36, 38, illus. 
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Anglo-American Civil Air Relations; A Review by the U.S. 
Civil Air Attaché of Developments in Civil Aviation During the 
Immediate Post-War Period. L. Satterthwaite. Flight, Vol. 
54, No. 2079, October 28, 1948, p. 510. 

Cargo-Wise K. L. M. Joseph M. Chase. Aviation Main- 
tenance & Operations, Vol. 10, No. 6, November, 1948, pp. 21-23, 
56, 60, illus. Techniques used by the Royal Dutch air lines to 
reduce cargo delivery time. 

Some Economic Factors in Civil Aviation. III. Peter Mase- 
field. Flight, Vol. 54, No. 2078, October 21, 1948, pp. 496-498, 
figs. (Extended summary of a paper.) 

Why the Original Air Cargo, Inc., Agreement Stands; The Offi- 
cial Opinion of the Civil Aeronautics Board. Air Transportation, 
Vol. 13, No. 4, October, 1948, pp. 88, 96-98. 

Air Shippers’ Manual. Air Transportation, Vol. 13, No. 4, 
October, 1948, pp. 27-82. Lists of cargo agents, air-freight 
forwarders, U.S. and foreign air lines; routes; mail, parcel-post 
andcargo rates; regulations; and air-line distances. 

Air Transport in the Sudan. The Aeroplane, Vol. 75, No 
1951, October 29, 1948, pp. 567-569, illus. 

Norway’s Artic Air Route. The Aeroplane, Vol. 75, No. 1950, 
October 22, 1948, pp. 5385-539, illus. 

Aviation in the Southwest Pacific. Leo White. Whites 
Aviation, Vol. 4, No. 44, October, 1, 1948, pp. 3, 5, 6, 9, 11, 13, 
14, 17, 19, 21, illus. 

Purchasing for Profit. Edwin Laird Cady. Aviation Main- 
tenance & Operations, Vol. 10, No. 6, November, 1948, pp. 36, 
37, 49, 50, 52, 55, illus. The service rendered by the aviation 
distributor in supplying parts and accessories to operators. 


Photography (26) 


Aerial Photographic Equipment and Applications to Recon- 
najssance. Amrom H. Katz. U.S., Air Force, Air Technical 
Intelligence, Technical Data Digest, Vol. 13, No. 21, November 1, 
1948, pp. 13-21, illus. 4 references. 

A review of the equipment of present used or being developed 
for air photoreconnaissance. A stabilized camera mount and 
moving film to compensate for the forward motion of the air- 
plane have made possible the photography of objects moving at a 
relative speed of 1,000 m.p.h. High-altitude photographs have 
required the development of cameras and lenses with focal 
lengths as long as 100 in. The limited resolution that can be 
obtained in enlargements necessitated the development of cam- 
eras and lenses with focal lengths as great as 100 in. Lens sys- 
tems have been developed that automatically compensate for 
high-altitude temperature and pressure effects on the focus of the 
camera. 

Rocket Cameras Record Earth’s Surface from 57 Miles Up. 
Flight, Vol. 54, No. 2079, October 28, 1948, pp. 516, 517, illus. 


Power Plants 


JET & TURBINE (5) 


Theoretical Evaluation of the Ducted-Fan Turbojet Engine. 
Richard B. Parisen, John C. Armstrong, and Sidney C. Huntley. 
U.S., N.A.C.A., Technical Note No. 1745, November, 1948. 
29 pp., figs. 5 references. 

The ducted-fan turbojet engine is compared with turbojet 
and turbine-propeller engines for maximum thrust, minimum 
fuel consumption, and maximum range at flight Mach Numbers 
from 0.3 to 0.9 at an altitude of 30,000 ft. Maximum range 
comparison includes pay-load-to-gross-weight ratios from 0.0 
to 0.4. For flight Mach Numbers up to approximately 0.6. 
the turbine-propeller engine offers most favorable performance of 
any of the engines considered. For higher flight Mach Numbers, 
the turbojet engine with tailpipe burner (operating for thrust 
augmentation and non-operative for range) offers maximum 
performance flexibility. 

N.A.C.A. Investigation of Gas-Turbine-Blade Cooling. Her- 
man H. Ellerbrock, Jr. Journal of the Aeronautical Sciences, 
Vol. 8, No. 12, December, 1948, pp. 721-730, figs. 7 references. 

A review of the analytical and experimental work done by the 
N.A.C.A. on the cooling of turbine blades. The theoretical 
studies show that by increasing the gas temperature at the tur- 
bine inlet, gas-turbine engine performance can be improved 
sufficiently to compensate for the losses that are introduced by 
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any cooling system that maybe used to keep the turbine blades 
in a temperature range where they retain adequate strength. 
Although, with present-day metals, rim cooling allows little 
increase in effective gas temperature, it appreciably increases 
the blade life. 
temperature increase of about 500°F. can be obtained with 
hollow-blade air cooling. This can be raised to about 650°F., if 
an insert is placed in the hollow. Liquid-cooled high-melting- 
point alloy-steel turbines should be able to operate at turbine- 
inlet temperatures near the maximum obtainable with present- 
day fuels. Experimental data obtained with static- and rotating- 
cascade test rigs have supplemented and substantiated the theo- 
retical analyses and, in conjunction with the theory of turbine- 
blade cooling, are expected to lead to methods for the rigorous 
design of cooled turbines. 

Master Turbine-Impellers. Aircraft Production, Vol. 10, 
No. 121, November, 1948, pp. 363, 364, illus. Measuring 
rig used by the de Havilland Engine Company, Ltd., in the 
shaping and inspection of master gas-turbine impellers with an 
accuracy of 0.0025 in., for use with a special-purpose Cincinnati 
profiling machine. 

Design of Turbojet Installations. II. D. J. Jordan. Aero 
Digest, Vol. 57, No. 5, November, 1948, pp. 74, 76, 81, 82, 108, 
diagrs. 

A comparison of jet-engine and reciprocating-engine power- 
control, ignition, starting, and cooling systems. Includes 
description of the barometric and the all-speed governor fuel- 
supply control; the variable-area nozzle control; internal and 
external cooling systems; tailpipe insulation blankets; engine- 
mount design; and lubrication systems. 

Description of Allison Engine Powered Test Facility at Cornell 
Aeronautical Laboratory. W. McDole and W. Lenz. Cornell 


Aeronautical Laboratory, Inc., Report No. 511,107-1, October 1, 


1948. 31pp., illus., diagrs., figs. 4references. 

The design and installation of an air-supply system powered 
by a modified Allison V-1710 aircraft engine driving the two- 
stage mechanical supercharger unit from an Allison V-3420 
for testing thermojet units and components. The unit is capable 
of producing a free jet of supersonic velocity, and the pressure 
ratio and mass flows measured are adequate for the induction 
drive of a supersonic wind tunnel. 

German Practices in Drawing and Forging Turbine Blades. 
R. T. Wilson. Steel Processing, Vol. 34, No. 10, October, 1948, 
pp. 545-548, diagrs., figs. Compiled from: U.S., Field In- 
formation Agency, Technical, Final Reports Nos. 1129, 1148. 

F-80 (Lockheed) Flies on Ramjet Power Alone. Aviation 
Week, Vol. 49, No. 19, November 8, 1948, p. 14, illus. 
Jet Engine Packaging (by Edo Corporation). 

Vol. 57, No. 5, November, 1948, p. 61, illus. 

Power Plants for British Giants (Bristol Proteus Turbo- 
Prop Engines). Aircraft, Vol. 27, No. 1, October, 1948, p. 18, 
illus. 

The Most Severe Aero Engine Test in History. de Havilland 
Gazette, No. 47, October, 1948, pp. 8, 9, illus., figs. Test-bed- 
performance of a Goblin 2 jet engine during 462 test cycles, each 
of 65 min. duration. 

The (General Electric) TG-100B Turbine-Propeller Engine; 
A Design Analysis. Howard E. Grantz. Aero Digest, Vol. 57, 
No. 5, November, 1948, pp. 37-40, 116-119, illus., diagrs. 

Two Novel U.S. Projects. The Aeroplane, Vol. 75, No. 1950, 
October 22, 1948, p. 534, illus., diagr. The Marquardt ram-jet 
power plant and the M-14 pulse-jet helicopter. 

SOCEMA Aircraft Turbines; The Record of a French De- 
velopment Programme. Flight, Vol. 54, No. 2082, November 
18, 1948, pp. 608-610, illus., diagrs. 

Two Swedish Turbojets (SFA Two-Stage Conteibniiel and 
STAL Axial-Flow Straight-Through). Flight, Vol. 54, No. 
2082, November 18, 1948, p. 594, illus. 


Aero Digest, 


RECIPROCATING (6) 


Cirrus Bombardier (Blackburn). Flight, Vol. 54, No. 2078, 
October 21, 1948, pp. 487-491, illus., cutaway drawings. 

A New Light Aero Engine (Blackburn Cirrus Bombardier 702). 
The Aeroplane, Vol. 75, No. 1950, October 22, 1948, pp. 530- 
533, illus., cutaway drawing. ° 

Engine Conditioning (at Air Materiel Command). I—The 
Need for Engine Conditioning. Aviation Maintenance & Opera- 
tions, Vol. 10, No. 6, November, 1948, p. 30. 


At a Mach Number of 0.6, an effective gas-- 
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Metallurgical Examination of Japanese Sakae-12, Engine 
No. 124676. L. H. Grenell, J. R. Cady, and H. W. Gillett. 
Gt. Brit., British Intelligence Objectives Sub-Committee, Report 
No. B.I.0.S./J.A.P./P.R. 1466, February 12, 1945. 44 pp., 
figs. British Information Services, New York. $1.90 


Production (36) 


Further Investigations on the Pressure Welding of Light 
Alloy Sheet. R. F. Tylecote. Institute of Welding, Trans- 
actions, Vol. 11, No. 5, October, 1948, pp. 94r—108r, diagrs 
figs. 13 references. 

Substantial improvement can be obtained by solution heat 
treatment of welds made in clad duralumin. alloys with small 
reductions in sheet thickness. This is caused by the diffusion 
of the core constituents, which strengthens the low-strength 
cladding. High-purity aluminum has been successfully welded 
between rollers at room temperature. The electrical projection 
welding machine supplies heat’ and pressure automatically 
and has made practical the industrial application of pressure 
welding to aluminum of commercial purity and aluminum 
manganese alloy. 

Gas Welds in a High Strength Aluminum-Zinc-Magnesium- 
Copper Alloy. J. Pendleton. Institute of Welding, Transac 
tions, Vol..11, No. 5, October, 1948, pp. 87r to 93r, figs. 17 
references. 

A general investigation of the welding of a typical high- 
strength aluminum-zinc-magnesium-copper alloy by the oxy 
acetylene process shows that there is a pronounced tendency to 
cracking if the welds are made under constraint. The metal 
adjacent to the weld becomes porous, and superficial blistering 
may occur on the underside of the sheets. Comparatively low 
welding efficiencies, of the order of 70 per cent, are obtained un 
less complete heat-treatment of the welied structure is per 
formed. 

Production Costs; Some Factors Affecting Cost- Weight Ratios 
in Civil Aircraft. Peter G. Masefield. Aircraft Production, Vol 
10, No. 121, November, 1948, pp. 375-377, fig. (Extended sum 
mary of a paper. ) 


Custom-Bult * 
MOTORS, ACTUATORS « 


FOR YOUR DESIGN REQUIREMENTS 


SPECIAL MOTORS... 

Drip proof, splash proof, totally enclosed, 
vapor seal, submersible, high and low ex- 
tremes of operating temperatures. 


SPECIAL GEARING... 


Speed range of 30,000 to 1 R.P.M., heli- 
cal spur, bevel and planetary type. 


COMPLETE POWER PACKAGE UNITS 


For A.C. or D.C. power source with mag- 
netic clutches and brakes, built in 
limit switches, potentiometers, ther- 

mal overload relays, radio noise filters, 
Pressure tight shoft seals with linear or 
rotating power takeoff. 


HOOVER POWER UNITS ARE SPECIFIED 

EQUIPMENT ON THE FASTEST AIRCRAFT FLYING 

This 12.5-pound tail stabilizer act is designed to withstand 
an ultimate load ef 15,000 pounds, an fe of the severe 
load requirements Hoover power units are called upon to meet. 


e Whatever your electrical actuation problem, a Hoover unit will do the 
job. They can be supplied in experimental or production quantities. 


HOOVER 
ELECTRIC COMPANY 


2100 South Stoner Avenue * Los Angeles 25, California 
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Alignment Testing. IIl—Some Practical Applications of ¢ 
Telescope, Auto-Collimator and Block Level. K.J. Hume. 4 
craft Production, Vol. 10, No. 121, November, 1948, pp. 391-39 
figs. 
In Production. I. Fred P. Laudan. Boeing Magazine, Ven) 
18, No. 10, October, 1948, pp. 3-5, 14, illus. Preproductig 
planning of an airplane. s 

Canada’s Jet Airliner (Avro C.102) in Jigs. Automotive Tp 
dustries, Vol. 99, No. 10, November 15, 1948, pp. 44, 45, illus, 3 

The Canadair Four (Avro Transport); Made in Canada. Ait 
craft & Airport, Vol. 10, No. 10, October, 1948, pp. 12-14, 16, I , 
20, 22, 23, 26, 27, illus., diagr., cutaway drawing. 

Machining (Fairey) Firefly Components; Operations on 
Latchpin Attachment Fitting for the Rear Centre-Section Sj 
and Other “Difficult” Units. J. A. Oates. Aircraft Production. 
Vol. 10, No. 121, November, 1948, pp. 380-387, illus., diagr. 

Hawker Sea Fury. II—Front Fuselage Assembly; R 
Fuselage; Tail-Bay with Integral Fin. S.C. Poulsen. A ircrafp 
Production, Vol. 10, No. 121, November, 1948, pp. 366-37 
illus., diagrs 


Propellers (11) 


Investigation of the VDM Propeller Works, Frankfurt ul 
and Hasselborn. John D. Waugh. Combined Intellig 
Objectives Sub-Committee, Item No. 5, 26, 27, File No. 7 
Aygust 15, 1945. 29 pp., figs. British Information Services, 
New York. $1.00. 

Description of the basic design of the V.D.M. (Vereini 
Deutsche Metallwerke) variable-pitch propeller, the elec 
automatic pitch-changing system developed by Messerschmi 
and the hydraulic automatic pitch-changing mechanism of F 
Wulf. V.D.M..also developed the Me. P-8 propeller, whi 
provided aerodynamic braking both in the air and on the groumh 
V.D.M. was working on the design of a propeller for turboprop 
engines. 


Rotating Wing Aircraft (34) 


How a Helicopter Is Tested for CAA Certification. 

Week, Vol. 49, No. 18, November 1, 1948, pp. 22-24, illus. 

Cierva Skeeter Flies. Flight, Vol. 54, No. 2078, October 
1948, pp. 477, 478, illus. 

Details of the Kaman K-190. Alexander Klemin. 
Digest, Vol. 57, No. 5, November, 1948, pp. 51, 52, 120 a 
illus. 

World’s Helicopter (XH-16) by Piasecki. 
Facts, Vol. 5, No. 10, October, 1948, pp. 24, 25, illus 


Sciences, General (33) 


MATHEMATICS 


Closed Type. S. Kirkby. College of Aeronautics, 
England, Report No. 17, May, 1948. 6 pp. 4 references. 

It is shown that, for closed type formulas, the error due # 
application of a 2-strip formula is, in general, less than that due 
to a (2m + 1)-strip formula over the same range of integration 
when the same tabular interval of the argument is used ‘ 


Stress Analysis & Structures (7) 


The Behavior of Thin Cylindrical Shells After Buckling Under 
Axial Compression. Herman F. Michielsen. Journal of tl 
Aeronautical Sciences, Vol. 8, No. 12, December, 1948, pp. 738% 
744, figs. 3 references. 
The fundamental investigations of von Karman and Tsien 6 a 
the buckling of cylindrical shells under axfaficompression are com 
tinued. The energy expression is simplified and minimized w 
respect to the axial and circumferential wave-length parametefsa 
Solution of the equations that are obtainedPields curves of the = 
duced average stress and of the wave-:dimensions plotted against 
the reduced average strain. They illustrate the behavior of the 
cylinder during the buckling process. The minimum buckling 
stress is found to be 0.195 E(t/ R). 
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turbo-jet 
flame igniter 


The 8% Flame Igniter was designed especially 
for turbo-jet engines. This self-contained 
unit embodies a fuel-filtering, valving 

and metering system, an atomizer, and 


a high altitude spark plug. 


THE BS CORPORATION 


NEW YORK 19, N.Y. 


SERVING WORLD AVIATION OVER THIRTY YEARS 
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Buckling Tests of Flat Rectangular Plates Uader Combined 
Shear and Longitudinal Compression. Roger W. Peters. U.S., 
N.A.C.A., Technical Note No. 1750, November, 1948. 14 pp., 
illus., figs. 3 references. 

An experimental investigation to determine the validity of a 
theoretical parabolic interaction curve for the elastic buckling of 
flat rectangular plates under combined shear and longitudinal 
compression loads. The four flat rectangular plates tested formed 
the sides of a square box with corner angles. Although some of 
the points that were determined experimentally lay above the 
others below the theoretical interaction curve, the curve plotted 
from the average of individual experimental points lies close 
to this theoretical curve. It has been recommended for design 
use. 

Flutter of Systems with Many Freedoms. W. J. Duncan. 
College of Aeronautics, Cranfield, England, Report No. 19, August, 
1948. 21 pp. 11 references. 

In order to determine whether a particular degree of freedom 
must be included in the calculation of a critical flutter speed, its 
influence upon the energy balance should be examined when the 
freedom is expressed in the form of a Lagrangian dynamical equa- 
tion. Brief outlines of methods for predicting flutter character- 
istics include: nondimensional form of the equations of motion; 
the orthodox method of solution; the method of R. A. Frazer; 
methods based on the use of matrices; the method of Duncan, 
Collar, and Lyon; and a modification of this latter inverse 
method. 

Effect of Variation in Diameter and Pitch of Rivets on Compres- 
sive Strength of Panels with Z-Section Stiffeners; Panels That 
Fail by Local Buckling and Have Various Values of Width-To- 
Thickness Ratio for the Webs of the Stiffeners. Norris F. Dow 
and William A. Hickman. U.S., N.A.C.A., Technical Note No 
1737, November, 1948. 21 pp., figs. 5 references. 

Panels were of such length that failure was by local buckling 
Regardless of the width-to-thickness ratio, the compressive 
strengths of the panels were found to increase appreciably with 
either an increase in the diameter of the rivets or a decrease in the 
pitch of the rivets. 

Determination of Coupled and Uncoupled Modes and Fre- 
quencies of Natural Vibration of Swept and Unswept Wings From 
Uniform Cantilever Modes. Roger A. Anderson and John C. 
Houbolt. U.S., N.A.C.A., Technical Note No. 1747, November, 
1948. 42pp., figs. 4 references. 


An energy solution is given for the determination of the 
coupled or uncoupled modes and frequencies of swept or unswept 
airplane wings. Expansions for deflection and rotation are made 
in terms of uniform cantilever modes. The Crout method of 
solution is employed. Examples show that only a small-order de- 
terminant is needed to obtain accurate solutions. 

Creep Measurement with Wire Gauges. Electrical Engineer- 
ing, Vol. 67, No. 11, November, 1948, p. 1041. 

Elongation-time curves, plotted with SR-4 bonded resistance- 
wire strain-gage data obtained by the Canadian Bureau of Mines 
in creep measurements at room temperature, yielded a smoother 
curve with less spread than the curves obtained with a mechanical 
extensometer. 

Applying the Polariscope. Ray W. Clough. Product Engineer- 
ing, Vol. 14, No. 11, November, 1948, pp. 124-128, diagrs., figs. 
Method and the interpretation of data in photoelastic analy- 
sis. 


(18) 


Thermodynamic Properties of Air at High Temperatures. J.C 
Hirschfelder and J.L. Mageo. U.S., Atomic Energy Commission, 
Document, January 10, 1947. 38pp., tables. PB-63828, Publica- 
tions Board Project, Photoduplication Service, Library of Con- 
gress, Washington. Microfilm, $1.00; photostat, $3.00. 

A series of tables, extending those of Brinkley, Kirkwood, and 
Richardson by continuing their work through computation of 
the variation of the thermodynamic properties of the atmosphere 
for densities 0.0001 times the normal density of air. The value in 
these tables have been adjusted to fit smoothly onto those of 
Fuchs, Kynch, and Peierls in the extremely high-temperature 
range, over 25,000°K.; onto the values of H. Bethe in the tem- 
perature range between 25,000° and 15,000°K.; and onto the 
values of Brinkley, Kirkwood, and Richardson in the lower tem- 


perature region. Unfortunately, the variation of the average 
value of the specific heat ratio, inaccuracies in the tables, and, 
lack of primary points make these tables too rough to use eithe 
with the I.B.M. integrations or the method of characteristics fy 
the integration of the hydrodynamics of normal explosions, At 
the possible expense of some accuracy, therefore, the equation-of. 
state data have been smoothed so that they are suitable for theg 
operations. 


Wind Tunnels (17) 


The Design of Low-Turbulence Wind Tunnels. Hugh |, 
Dryden and Ira H. Abbott. (International Congress for Applied 
Mechanics, 7th, London, September 5-11, 1948, Paper.) U.S, 
N.A.C.A., Technical Nota No. 1755, November, 1948, 35 pp., 
illus., diagrs., figs. 34 references. 

In the 4'/2-ft. wind tunnel of the National Bureau of Standards 
and in the Langley two-dimensional low-turbulence pressure 
wind tunnel of the N.A.C.A., the magnitude of the turbulent 
velocity fluctuations is of the order of 0.0001 to 0.001 times the 
mean velocity. This characteristic has made possible the de. 
velopment of low-drag wing sections and the experimental 
demonstration of the unstable laminar boundary-layer oscilla. 
tions predicted by a theory of Tollmein and Schlichting. While, 
heretofore, measurement of the drag coefficient of a sphere and 
the shift of transition from laminar to turbulent flow on a loyw. 
drag airfoil served as qualitative indications of the turbulence 
level of a wind tunnel, the development of low-turbulence de. 
signs depended greatly on the development of the hot-wire 
anemometer for turbulence measurements. By this technique, the 
root-mean-square of the components of velocity fluctuations can 
be determined, as can the average dimension of shape of the eddies 
in the flow. Thus, by measuring the decay of turbulence behind 
screens, the effect of damping screens on wind-tunnel turbulence 
could be ascertained. The technique made possible the measure- 
ment of the flow near a flat plate in air streams of varying tur- 
bulence and the measurement of the drag of specially designed 
low-drag airfoils. The paper contains a brief review of the state 
of knowledge in these various fields and shows how this knowledge 
was applied in wind-tunnel design to obtain low devels of tur- 
bulence. 

Flow of a Compressible Fluid Past a Symmetrical Airfoil ina 
Wind Tunnel and in Free Air. Howard W. Emmons. U.S, 
N.A.C.A., Technical Note No. 1746, November, 1948. 31 pp., 
figs. 13 references. 

The effects of compressibility on the flow about the NACA 0012 
airfoil in a wind tunnel and in free air have been investigated by 
the relaxation method. The solutions obtained cover the cases of 
incompressible flow, compressible but sub-critical flow, and 
supercritical flow. Comparisons are made with experimental re- 
sults and with approximate theories for compressibility effects 
and for wind-tunnel interference. The calculated results describe 
compressibility effects, as observed experimentally, considerably 
better than any of the well-known compressibility correction 
formulas. The calculated supercritical pressure distributions, 
including shock waves if present, agree well with experimental 
data. 

Jet-Boundary-Induced-Upwash Velocities For Swept Reflec- 
tion-Plane Models Mounted Vertically in 7- By 10-Foot, Closed 
Rectangular Wind Tunnels. Edward C. Polhamus. U.S. 
N.A.C.A., Technical Note No. 1752, November, 1948. 15 pp., 
figs. 3 references. 

Numerical values in chart form, of the boundary-induced- 
upwash velocity necessary for the determination of the 
jet-boundary corrections for swept reflection-plane models 
mounted vertically in 7- by 10-ft., closed, rectangular wind tun- 
nels. 

Wind Tunnels in the Munich Area (L.F.M. and Peenemiinde 
Tunnels). H.M. Garner, R. McK. Wood, and R. Smelt. Com- 
bined Intelligence Objectives Sub-Committee, Item Nos. 26, 27, File 
No. 30-46. 5 pp. British Information Services, New York. 
$0.20. 

Brief description of the 2.8-m. high-speed subsonic variable- 
pressure wind tunnel at Ottobrunn; of the tunnel at’ Otztall, 
which, when completed, would have attained a Mach Number of 
0.85 in a test section 8 m. in diameter and 14 m. long; and of the 
two supersonic 40 by 40 cm. intermittent wind tunnels evacuated 
from Peenemiinde to Kochel. 
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WESTON 
Tail Pipe Thermometer 


—used on the new jet power plants 


20 ‘il i 0 
0 ‘ 100 


WESTON As new instrument needs arise in 
your planning, review the instru- 
ments now available at WESTON— 
where development has kept abreast 
of the latest requirements. Or, for 


Free Air Thermometer 


—featuring Weston’s flush mounting resistor bulb 


special needs, complete engineering 
cooperation is freely offered. WESTON 
Electrical Instrument Corporation, 
687 Frelinghuysen Avenue, Newark 
5, New Jersey. 


WESTON WESTON 
Cross Pointer Indicator (1D-48) s | 


—used with instrument landing systems IN Ss TRUMEN T 


Albany Atlanta Boston Buffalo Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Houston Jacksonville Knoxville Little Rock Los Angeles Meriden Minneapolis Newark 
New Orleans © New York © Philadelphia » Phoenix + Pittsburgh » Rochester San Francisco « Seattle © St. Louis © Syracuse Tulsa « in Canada, Northern Electric Co., Ltd., Powerlite Devices, Ltd. 
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FAMOUS FIRES IN AVIATION 


O:: co has grown up with the 
aircraft industry. The list of man- 
ufacturers who have depended 
on Ostuco Aircraft Tubing for 
continued development and im- 
provement reads like the blue- 
book of American plane manu- 


facturers 


ircraft Corporation 
Bell Aircraft Corp 
Bellanca Aircraft Corp. 
Boeing Airplane Co. 
Cessna Aircraft Co. 
Chance Vought Aircraft Div. 
Consolidated Vultee lad by Li if chard E. Byrd 
Aircraft Corp Add? oe . Take-off and landing base was Spits- 
Curtiss-Wright Corp. an east of Gre nd. 
Douglas Aircraft Co., Inc. , 


Fairchild Aircraft Div. First “Chrome-Moly”” Steel Tubing 


Goodyear Aircraft Corp. ‘ 
Grumman Aircraft Engr. Corp. for Aircraft 


Lockheed Aircraft Corp. 


was developed and produced in 1921-22 by The Ohio Seamless 
Luscombe Airplane Corp. Tube Company. “Chrome-Moly’” is a name now familiar to 
McDonnell Aircraft Corp. every aircraft manufacturer. 
The Glenn L. Martin Co Through continuous research, sound design, and precision 
North American Aviation, Inc manufacture, Ostuco has maintained undisputed leadership 
Northrop Aircraft, Inc in this highly specialized field of aircraft tubing and has con- 
biccechitiialicanter Com tributed greatly to the progress of American aviation. 
Corp Favorable strength-without-weight characteristics make 
Ostuco Aircraft Tubing tops for fuel lines, engine mounts, 
landing gears and many other uses. OsTUCO Tubing is built to 
U. S. Army and U. S. Navy specifications. Percentage of rejects 
is amazingly low. And Ostuco has an enviable reputation for 
prompt deliveries. Today, the first maker of aircraft tubing is 
still first with the makers of aircraft. 


Aircraft Co 


ngineering & 


THE OHIO SEAMLESS TUBE COMPANY 


Plant and General Offices: SHELBY 2, OHIO 


SEND FOR FREE BOOK 
Write today, without obligation, for 
your copy of booklet; A-2, contain- 
ing helpful, factual information on 
OSTUCO Aircraft Tubing. Address 
the nearest OSTUCO Sales Office, 
or write direct to General Office, 
Shelby, Ohio. 


Sales Offices: CHICAGO, Civic Opera Bidg., 20 North Wacker Dr. 
CLEVELAND, 1328 Citizens Bldg. * DAYTON, 1517 E. Third Street 
DETROIT, 2857 E. Grand Bivd. * HOUSTON, 927 A M&M Bidg 
LOS ANGELES, Suite 300-170 So. Beverly Drive, Beverly Hills * MO 
LINE, 617 15th St. © NEW YORK, 70 East 45th St. * PHILADELPHIA 
1413 Packard Bidg., 15th & Chestnut * ST. LOUIS, 1230 North Main 
St. © SEATTLE, 3205 Smith Tower * SYRACUSE, 501 Roberts Ave 
CANADIAN REPRESENTATIVE: Railway & Power Corp., Ltd., HAMIL 
TON, MONTREAL, NORANDA, NORTH BAY, TORONTO, VANCOUVER 
and WINNIPEG. 
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SS 


Sources of Engineering Information 


By Blanche H. Dalton. Berkeley, 
California, University of California 
Press, 1948. 109 pp. $4.00. 


This is a pioneering book, designed as 
a reference source for all branches of 
engineering. It was developed from 
lectures to students and others at the 
University of California on the use of 
information sources as organized in the 
engineering library. The presentation 
is according to types of materials and 
reference tools, including periodical in- 
dexes, abstracts, and methods in the use 
of periodicals; bibliographies and bibli- 
ographic procedure; reference books of 
various types; the trade catalog col- 
lection; and standards and specifica- 
tions. The section on reference books 
covers about 70 pages and deals with 
general works, biography, encyclo- 
pedias, technical’ dictionaries, hand- 
books’ and manuals, mathematical 
tables, physical tables, and manufac- 
turers’ directories. 


The arrangement according to types 
of publications has limitations for the 
user looking for information on a par- 
ticular subject. All the material re- 
lating to physics, for example, is not in 
one place, and it takes a little time to 
locate an item such as Parke’s Guide to 
the Literature of Mathematics and Physics 
(New York, 1947), which is listed as a 
reference book under “Library Re- 
search,”’ on page 38. Altogether, about 
2,000 titlesarerecorded. Asthebookaims 
to cover all branches of engineering, the 
number of omissions for any one branch 
is necessarily large. A working library 
of engineering books for aeronautics, 
for example, would have to include 
about 1,500 titles, relatively few of 
which are included in this general list. 


MAuRICE H. SMITH 
Librarian 
Institute of the Aeronautical Sciences 


For information on 1.A.S. Li- 
brary Service Facilities, see 
page 47 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 


Book Notes 


AERODYNAMICS 


Control of Airplane Flight Path by Propulsive 
Jets. H. McKinley Conway, Jr. (Technical 
Publication No. 483.) Atlanta, Ga., 5009 Peach- 
tree Road, Southeastern Research Institute, Inc., 
June, 1948. 21 pp. 

The possibilities of a jet-airplane control system 
based on change of the thrust direction by in 
stalling controllable vanes in the nozzle are ex 
amined. The analysis indicates that a practical 
cascade of airfoils may be developed, providing 
adequate control of jet direction without serious 
interference with the flow leaving the jet nozzle 
The discussion includes additional advantages of 
the system, such as improvement of the landing 
and take-off characteristics of present aircraft. 


AIRPLANE DESIGN & DESCRIPTION 


Fowler Flaps for Airplanes; an Engineering 
Handbook. Harlan D. Fowler. Los Angeles, 
Calif., Wetzel Publishing Co., Inc., 1948. 90 pp., 
illus., diagrs., figs. $5.00. (Corrected price.) 


EDUCATION & TRAINING 


Private Pilot Training. Primary Flying, Basic 
Ground School Training, Series 50, Meeting All 
Requirements of Civil Aeronautics Manual 50. 
Compiled and edited under the supervision of 
Harold E. Baughman and Iris C. Critchell. Los 
Angeles, Aviation Sales Corp., 1948. 374 pp., 
illus., diagrs. $4.00 

The purpose of this text is to provide the 
student and private pilot with ground-school text 
material on Civil Air Regulations, Air Naviga- 
tion, Meteorology, General Service to Aircraft, 
Radio Usage, and Theory of Flight. It is in- 
tended also to bridge the gap bet ween study for the 
private pilot rating and more advanced study 
Copies of the latest editions of Civil Air Regula- 
tions, Parts 20, 43, and 60, World Air Chart No 
350, and one Sectional Chart, Des Moines, are in- 
cluded with the price of the book. 


ELECTRONICS 


Principles of Electric and Magnetic Fields. 
Warren W. Boast. New York, Harper & Bros., 
1948. 405 pp., illus., diagrs. $4.75. 

Designed for undergraduate students, this text- 
book emphasizes basic concepts, although the 
final third of the discussion covers supplementary 
aspects of electric and magnetic fields and re- 
quires a knowledge of elementary electric-circuit 
theory. A knowledge of the calculus is required of 
the reader. Each chapter is accompanied by a set 
of problems. The author is a professor of elec- 
trical engineering at lowa State College. 


ENGINEERING P-ACTICES & AIDS 


Dimensional Analysis of Engineering Designs. 
Vol. 1—Components (Part 1). (Gt. Brit., Inter- 
Services Committee for Dimensioning and 
Tolerancing of Drawings.) London, H. M. Sta- 
tionery Office, 1948. 123 pp., diagrs. $2.35. 
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The purpose of the committee, whose work is 
published here in part, is to establish a basic 
system for tolerancing and dimensioning draw- 
ings of equipment, gages, jigs, and fixtures of 
various degrees of precision. The designated field 
of armament work has been interpreted in the 
widest possible sense, in order to provide a volume 
generally applicable to all engineering practices. 


FUELS & LUBRICANTS 


A.S.T.M. Standards on Petroleum Products 
and Lubricants. Methods of Testing, Specifica- 
tions, Definitions, Charts and Tables. Phila- 
delphia, American Society for Testing Materials, 
1948. 745 pp. Paper binding, $5 50; cloth bind- 
ing, $6.15. 

This latest annual edition gives 108 test methods, 
31 specifications, lists of definitions of terms re- 
lating to petroleum, materials for roads and 
pavements, and rheological properties of matter. 
Proposed methods of test are given in twelve 
appendixes, 


METEOROLOGY 


Weather Elements, a Text in Elementary 
Meteorology. 3rd Edition. Thomas A. Blair. 
New York, Prentice-Hall, Inc., 1948. 373 pp., 
illus.,diagrs. $5.65. 

This edition of a book last revised in 1942 in- 
cludes new chapters on the characteristics of air 
masses and fronts and the relation of the weather 
to aviation. The chapter on forecasting has been 
rewritten and enlarged, with emphasis on upper- 
air charts and air-mass analysis. The discussions 
in other chapters, which deal with circulation 
zones and cells, fogs, thunderstorms, and insta- 
bility, have been revised and expanded. New in- 
strumental and observational techniques de- 
veloped by the application of radar and electronic 
devices to meteorology have been included, and 
the excellent bibliography of about 125 items has 
been brought up to date. 

Meteorological Codes. Annex 3 to the Con- 
vention on International Civil Aviation (Including 
Amendments 1 to 21). Montreal, International 
Civil Aviation Organization, September, 1948. 
28pp. $0.15. 

Standards and recommended practices are 
given for the transmission of meteorological data, 
code forms, relevant symbols, and code tables 
The meteorological part of the 0 Code is included. 


OPERATIONS 


Rules of the Air. Annex 2 to the Convention 
on International Civil Aviation. Montreal, Inter- 
national Civil Aviation Organization, September, 
1948. 20pp. $0.15. 

Standards and recommended practices are 
given for rules of the air in airspaces over the 
territory of contracting states and for aircraft of 
contracting states, including flight rules and rules 
for lights and visual signals, 

Procedures for Air Navigation Services. 
ICAO Q Code. (ICAO Document No. 6100- 
COM/504.) Montreal, International Civil Avia- 
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tion Organization, August, 1948 
ring binder, $1.50. 

This code, effective as of January 1, 1949, to 
gether with the following three documents re 
viewed below, replaces the Communication Codes 
and Abbreviations Document No. 2560-COM 
164) 


Procedures for Air Navigation Services. The 
Notam Code. (ICAO Document No. 6986- 
COM /505.) Montreal, International Civil 
Aviation Organization, September, 1948 8 pp 


$0.05. This code is provided for the coding of 
notices to airmen regarding radio aids, airports, 
lighting facilities, dangers to aircraft in flight or 
landing, and action regarding search and rescue 

Procedures for Air Navigation Services. Air- 
line Abbreviations. (ICAO Document No 
6087-COM/506.) Montreal, International Civil 
Aviation Organization, September, 1948. 48 pp 
$0.10. Cross-indexed abbreviations are given for 
use in radio-telephone and telegraphic communi 
cation 


Space factor in 
this power wnit 
is minimized by 
having output 
shaft at right 
angles to motor SS 


shoft. 


61 pp. $0.40; 


ENGINEERING 


Procedures for Air 
Abbreviations of 


(ICAO Document No, 6135-COM/507.) 


REVIEW 


Navigation Services. 
Addresses and Signatures. 
Mon- 


treal, International Civil Aviation Organization, 


September, 1948. 4 pp. $0.05. 


Dimensional Units to Be Used in Air-Ground 


Communications. 
International Civil Aviation. 
tional Civil 


Annex 5 to the Convention on 
Montreal, Interna 


Aviation Organization, September 
1948 10 pp. $0.10 
Standards and recommended 


given, with alternates 
tudes 


practices are 
for units for distances, alti 


and elevations, horizontal and_ vertical 
speed, wind direction and wind speed, cloud 
height, visibility, altimeter setting, temperature 


weight, and time 


COMMERCIAL 

Personne! Licensing. 
tion Civil Aviation. 
Aviation Organization, September, 1948 


Long, trouble-free operation—a 
characteristic of Lamb Electric 
Motors — results from the quality 
of engineering, manufacturing, in- 
spection and testing developed in 
our 34 years’ experience in the 
small motor field. 


This high standard of motor de- 
pendability is an important factor 
in obtaining good product per- 
formance . . . another reason why 
Lamb Electric Motors are 
being teamed up with 
more and more of Ameri- 
ca's finest products. 


THE LAMB ELECTRIC COMPANY 
KENT, OHIO 


Electeic 


SPECIAL 
FRACTIONAL HORSEPOWER 


APPLICATION 


MOTORS 


Annex 1 to the Conven- 
Montreal, International Civil 
32 pp. 


-FEBRUARY, 


1949 


$0.25. Standard and recommended prac 


are 
given for licenses and ratings for pilots, liccnses for 
flight crew members and other personnel, and 
medical requirements. 

Aircraft Weight and Balance Control. H 
D’Estout. San Diego 10, Calif., Box 1484, Oy 
San Diego Station, R. E. Peters, 1948. 49 Pp., 
diagrs. $1.25. 

This manual was written for the use of me 
chanics and for students aiming to obtain CAA 
aircraft and aircraft-engine certificate The 
author’s aim is to simplify the appendix to CAA 


Manual 18, by using only basic arithmetic and by 
the inclusion of problems and answers 


POWER PLANTS 


JET & TURBINE 

Gas Tables; Thermodynamic Properties 9 
Air, Products of Combustion, and Component 
Gases; Compressible Flow Functions, Including 
Those of Ascher H. Shapior and Gilbert M. Edel. 
man. Joseph H. Keenan and Joseph Kaye. New 
York, John Wiley & Sons, Inc., 1948. 238 pp. 
$5.00 

These tables are a re-examination and recalcula. 
tion of those presented in the authors’ Thermo- 
dynamic Properties of Air (1945), all thermody. 
namic properties being based on the examination 
of data from spectroscopic sources that were pub- 
lished by F. D. Rossini and his coworkers of the 
National Bureau of Standards in 1945. The base 
temperature in this edition is taken to be zero on 
the absolute Fahrenheit scale, thus avoiding nega- 
tive values of properties. Tables 30 to 53 are re 
printed from Meteor Report No. 14, Massa- 
chusetts Institute of Technology, The Mechanics 
and Thermodynamics of Steady One-Dimensional 
Gas Flow with Tables for Numerical Solutions, by 
A. H. Shapiro, W. R. Hawthorne, and G. M 
Edelman, December 1, 1947. Tables 55 to 59 
are reprinted from Bumblebee Report 26, The 
Johns Hopkins University Applied Physics Labo- 
ratory, The Theory and Practice of Two 
Dimensional Supersonic Pressure Calculations, by 
N. Edmonson, F. D. Murnaghan, and R. M 
Snow, December, 1945. 
presented 
cluded. 


Altogether, 63 tables are 
A bibliography of 28 items is in- 


REFERENCE LITERATURE 


HISTORY 
Science at War. J. G. Crowther and R. 
Whiddington. New York, Philosophical Library, 


1948. 204 pp., illus. $6.00. 

The aim of the British Scientific Advisory Com- 
mittee to the Cabinet in sponsoring this work was 
to make available an authoritative account of the 
contribution of British scientists to the war effort, 
which is based on official archives but written in 
nontechnical language. This aim has been ad- 
mirably fulfilled. The four parts of the book deal 
with Radar; Operational Research (weapons, 
tactics, strategy); The Atomic Bomb; and 
Science and the Sea (submarine warfare, magnetic 
mines, underwater explosions, diving, etc 


YEARBOOKS 

Jane’s All the World’s Aircraft, 1948. 

York, The Macmillan Co., 1948. 493 pp., 
20.00. 

In this 36th edition Jane’s is made even more 
useful than usual by the addition of indexes to the 
airplane and engine sections, including company 
names and popular names and model numbers. 
The airplane section comprises over two-thirds of 
the book and covers over 400 airplanes of 25 
The U-ited States and Great Britain 
take up nearly two-thirds of the airplane section. 
About 50 Russian planes are described. Alto- 
gether, the book contains 582 photographs and 
three-view line drawings, of which 83 per cent are 
new. The sections on the air forces of the world 
and on civil aviation have been revised and cover, 


New 
illus, 


countries. 


respectively, 46 and 60 countries. 


(Continued on page 83) 
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fr Versatill 
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in force 


measurement 


Whenever you have a force measuring problem—consider Hagan 
Taaustora. This partial list of applications now being handled success- 
fully by this simple and accurate device will give you some idea of its 


possibilities. 


CALGON 


e cradle dynamometer measurement of airplane and automobile engines 
e single cylinder engine test stands 

e evaluating turbine blade shapes 

e measuring torque of helicopter engines 

e automatic batch weighing 

e measuring thrust of jet engines and rockets 

e testing piston rings 

e chassis dynamometers 


e axle testing machines 


If you think Hagan THruslORa may be the answer to some of your 
problems, write us about it. Our engineers are at your service. 


HAGAN CORPORATION, HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 


HAGAN THRUSIORQ 


measuring thrust and torque 


= 
= 
— 
Bag 
ans 
| 
HAGAN  THRusIORQ 


AERONAUTICAL ENGINEERING REVIEW 


1.A.S. Sections 


(Continued from page 13) 


and that the program was progressing 
on schedule. 

Principal speaker of the evening was 
Col. W. E. McDonald, Chief of Over- 
seas Branch, Operations Division, 
U.S.A.F. His subject was ‘Operation 
Vittles,’’ concerning the Berlin airlift 
over the Soviet blockade. 

Colonel McDonald was assisted in 
his talk by Capt. A. W. Gullion. Addi- 
tional guests were Brig. Gen. Frank P. 
Lahm (Ret.), President of the Early 
Birds, and Joseph P. Ryan, Advertis- 
ing Manager of the AERONAUTICAL 
ENGINEERING REVIEW. 


New York Section 
R. Dixon Speas, Secretary-Treasurer 


The December 2 meeting had as the 
principal speakers R. P. Kroon, En- 
gineering Manager, and R. B. Rogers, 
Service Manager, Aviation Gas Tur- 
bine Division of Westinghouse Elec- 
tric Corporation. 
> Jet Trends—tTitle of their talk was 
“Trends in Turbojet Application and 
Maintenance.’ Kroon and Rogers 
spoke realistically of problems en- 
countered today in the operation and 
maintenance of jet engines. Slides 
were shown, illustrating the aircraft 
presently using the subject engines 
and also showing the varying problems 
of engine and aircraft accessories re- 
quired. 

Sidney C. Hill, Assistant to Vice- 
President, Operations, of Scandi- 
navian Airlines, and H. C. Towle, 
Jr., Chief of Thermodynamics, Re- 
public Aviation, gave prepared discus- 
sions. 

The film, Air Power Is Peace Power, 
produced jointly by Eastern Air Lines 
and Lockheed Aircraft, was shown. 


San Francisco Section 
John A. Stern, Secretary 


Following officers were elected for 
1949 at the November 4 meeting: 
Chairman, Prof. Elliott G. Reid; 
Vice-Chairman, Roy T. Nilsen; Treas- 
urer, George B. McCullough; and 
Sécretary, John A. Stern. Represen- 
tative of I.A.S. to Nominating Com- 
mittee for Area Councilors is Dr. R. 
G. Folsom. 


> Helicopter Flown—Members wit- 
nessed flight demonstrations of the 
Hiller 360 helicopter, several members 
being afforded a ride. Following the 
demonstrations, a dinner-meeting was 
held to hear technical discussions of 
the Hiller helicopter by three engineers 
of United Helicopters, Inc; 1948 


Chairman Smith J. 
sided. 

Wavne Weisner, Chief Engineer, 
gave a general description of the 
‘copter, first to receive its type certi- 
ficate west of New York. Second 
speaker, Donald Jacoby, discussed 
flight testing of helicopters, while the 
last speaker, Joseph Stuart, II1, de- 
scribed the control rotor on the Model 
360. 

Colored motion pictures showing 
practical applications of the model 
designed and built by United Heli- 
copters were shown at conclusion of 
the talks. 


de France pre- 


Seattle Section 
Robert M. Robbins, Secretary 


At the November 18 meeting, 105 
members were present to hear F. K. 
Kirsten, Professor of Aeronautical En- 


gineering, University of Washington, _ 


Student 


Academy of Aeronautics 


Following a business session at the 
November 10 meeting, a film, Airfoils 
was shown. Chairman John Peter 
Keilp presided, with 55 members pres- 
ent. 


University of Colorado 


Dr. W. F. Hilton, British aero- 
dynamicist and missile expert of the 
National Physics Laboratory, Great 
Britain, gave a talk at the November 
22 meeting on the subject of ‘‘High 
Speed Airfoil Characteristics.’’ Robert 
M. Wood, Chairman, presided, with 
100 members present. 


Dr. Hilton’s talk dealt with aero- 
dynamic problems in the transonic re- 
gion and was illustrated by slides and 
motion pictures of airfoils at various 
Mach Numbers, supersonic tip speed 
of a propeller, and graphs. 


University of Illinois 


Main feature of the November 23 
meeting was two films, Elementary 
Aerodynamics and Construction of a 


Lightplane. 


Chairman Vernon F. Heyni gen 
said a few words about the Meetings 
and Papers Committee ¢nd asked for 
volunteers to act as reporters for the 
Technograph, a University of Illinois 
engineering publication. He also 
spoke about the requirements for I.A. 
S. officers. There was an attendanc2 
of 67 membhers. 
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deliver a paper on ‘‘Cycloidal Prop 
sion.” 

> Not New—Professor Kirsten pm 
aced his discussion by giving a b 
history of the application of cyclojg 
propulsion, pointing out that 
Chinese may have had cycloidal wig * 
mills 2,000 years ago. 

After explaining the fundamentgl 
theory of cycloidal propulsion, 
showed how it could be applied to syd 
face vessels and how its use wogid 
eliminate the necessity for a rudd 
and at same time increase greatly 
maneuverability of the ship. 

A film illustrated the application og 
two different boats. Their maneuver. 
ability and performance were astoun& 
ing. 4 
> For Electrical Energy—Profes 
Kirsten predicted that cycloidal wing 
mills might possibly replace ‘watep 
power as a primary source of electricah 
energy. 


Branches 


At the December 1 meeting, Prof, 
H. S. Stillwell, head of the Aeronauti™ 
cal Engineering Department, intros 
duced the speaker, John F. Hainegy 
Research Director, Aeroproducty 
Division, General Motors Corporal 
tion. 

Mr. Haines spoke on ‘‘Propell 
Requirements for Lightplanes.”’ Thergs 
were 84 members present. 4 


University of Illinois in Chicaga) 


At the November 23 meeting, plang™ 
were made and committees formed for 
a Model Airplane Demonstration® 
sponsored by the Branch on Decembef 
14. 

Recause of the resignation of the® 
Vice-Chairman, Edwin A. Arvesome 
Jr., an election was held, and Jacky 
Edward Jensen was chosen to fill they 
vacancy. a 


lowa State College 


A discussion of the advisability of% 
founding a chapter of a National Hom ® 
orary Fraternity for Aeronautical En¥ 
gineers took up the first portion of they 
business meeting on November 30. 

The Chairman, Ted Maehr, intro-@ 
duced the speaker of the evening, H® 
Brown, Chief Metallurgist of Solat% 
Aircraft Company, on the subject of 
‘The Importance of Metallurgy in Jet® 
Engine Performance.” 3 

Mr. Brown gave a summary in come 
paratively nontechnical language of | 
the present relationship of metallurgy) 
and jet engine performance. He ; 
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Bendix* 
Direct Fuel 
Injection Pump. 


Bendix* 
Speed-Density 
Fuel Metering Unit. 


Stromberg* Injection 
Carburetor for 
personal planes. 


Bendix* Fuel 
Metering Unit for 
jet engines. 


Stromberg* Injection 
Carburetor 
for large engines. 


Stromberg* 
Float Type 
Carburetor. 


Regulator for 
Bendix Water 
Injection System. 


BENDIX FUEL 
METERING CONTROLS 


Performance-Proved on Leading Jets 


In two years of flight use, Bendix Fuel Metering 
Controls have set a remarkable record for 
efficient, versatile, and dependable operation. 
Today they are continuing to set the pace on 
such planes as the FOF, the F84, and the F80C. 
Efficient: New use of altitude compensation . 

practically isochronous in operation . . . constant 
air-fuel ratio and temperature for acceleration. 
Versatile: Work equally well with gasoline or 
kerosene... With or without water injection... 
Adaptable to various exhaust nozzle areas . 

Can be modified to handle surge limitations. 
Dependable: A record of dependability beyond 
all expectations—comparable to that of other 
Bendix Fuel Metering Equipment over the years. 
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CAL-AERO STUDENTS GAIN PRACTICAL EXPERIENCE 
Students at Cal-Aero Technical Institute, who handle design pr 
classwork, are working on the sleek XLC-1 turbojet-powered small plane. 
ceived as a class project for the engineering classes, the single-seat 
a prototype for a personal-type aircraft with a gross weight of 1,27 


CAL ENGINEERING REVIEW, January, 1949). 
Shank (left) checks a scale model of the tiny-plane with Canadian 


and C. F. Seifert. 


stressed that the limitations of the 
present jet are not due to the inability 
of the metals being used to withstand 
the high temperatures involved. He 
also pointed out that present-day en- 
gines operated fairly close to the op- 
timum temperature, as far as the 
metals are concerneu. 

In conclusion, he summarized the 
problems of the metallurgist in de- 
veloping future gas turbines, as well 
as the present problem of finding a 
suitable low cost means of forming the 
metals in use. 


Lawrence Institute of Technology 


William Godchalk, student member, 
gave an interesting talk on channel 
wing aircraft at the November 9 meet- 
ing of this new Branch. Following the 
talk, a short film, Sporting Wings, was 
presented. Roy T. Heady, Chairman, 
presided. 


Louisiana State University 


A film, Wright Air Supremacy, was 
shown at the December 2 meeting, 
with John Paul Jones, Chairman, pre- 
siding. 


New York University 


The film, Air Power Is Peace Power, 
produced by Eastern Air Lines in co- 


blems as a regular part of 
Originally con- 
er plane is expected to serve as 
(A ERONAUTI- 
Project Engineer Wayne 
student L. S. Pon (center) 


lbs 


Here, 


operation with Lockheed Aircraft, 
was. shown at the November 18 meet- 


ing. Nathan Kotlarchyk presided as 
Chairman, with 100 members pres- 
ent. 


University of Notre Dame 


Three films were shown at the De 
cember 1 meeting: Birth of the B-29, 


Target Tokyo, and - Reconnaissance 
Pilot. There were 31 members pres 
ent, with John P. Hoey, Chairman, 
presiding. 


Ohio State University 


With Faculty Adviser Prof. Edward 
Miller presiding members heard Lloyd 
Duane Yates, Graduate Instructor cf 
the Aeronautical Engineering De- 
partment, talk on “Demonstration cf 
Schaleron Apparatus.” 

With this apparatus, Mr. Yates 
showed the student body the heat 
waves arising from a heated scldering 
iron and also shock waves produced by 
discharging compressed air through a 
small orifice. 

Other equipment demonstrated by 
Mr. Yates included the new Brown 
potentiometers used in the past sum- 
mer in determining temperature varia- 
tion during a blow-down from a large 
compressed air tank. Two films were 
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shown: Theory of Flight and Prig. 
ciples of Flight. 


Polytechnic Institute of Brooklyn 


“Development of Landing Gear 
Design Loads” was the title of the talk 
given at the November 9 m« eting, 
Donald E. Platz, Chairman 
ing. 

Speaker L. M. Epps, Engineer in the 
Structures Group, Grumman Aircraft 
Engineering Corporation, — stressed 
the need for an accurate evaluation 
of the design loads on the landing gear, 
since the weight of the wings and 
fuselage structure will be determined 
in large measure by the loads on the 
landing gear. He traced the methods 
of developing landing-gear design 
loads from the relatively crude meth- 
ods used as recently as 10 years ago 
to present-day refinements necessi- 
tated by high landing speeds. 

Mr. Epps gave a list of items that 
affect design loads and pointed out 
that in the present trend the drag 
load, the dynamic response of the 
structure, and the time correlation 
between the peak vertical drag and 
side loads are assuming greater im- 
portance in developing design loads. 

In conclusion, the speaker stated 
some of the problems that must be 
solved before more accurate evalua- 
tions of landing-gear design loads can 
be made. He mentioned the need for 
more statistical data with regard to 
service life, for better instruments to 
measure the variables experimentally, 
and for better methods of obtaining 
dynamic behavior of the landing-gear 
structure, 


presid- 


Oregon State College 


Student members heard Lt. Jack 
Blodgett, Instructor of Communica- 
R.O.T.C., at Oregon State, 
speak on “Communications Problems 
of the Polar Region’’ at the November 
10 meeting. Chairman Curt Privett 
presided. 

Lieutenant Blodgett briefly ex 
plained the wave lengths used in com- 
munications and the difficulties ex- 
perienced in the polar regions. Wire 
communication cannot be used to any 
great advantage, he said, because the 
average wind velocity is 60 m.p.h. 
and insulation does not hold up in the 
cold weather. 

Communications objectives to be 
reached in the Arctic are: (1) develop 
a type of communication that will 
work from ground to air over a long 
range; (2) develop radar that works 


tions, 


‘in the Arctic; (3) design power equip- 
ment that will be equally suitable for 
any place on earth. 
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INDING a packing to seal the exhaust mani- 
folds of aircraft engines used to be quite 
a problem. 


Corrosive, flaming gases quickly charred 
ordinary substances. While materials that 
could endure the heat, soon disintegrated 
under the incessant vibration. 


But ... Johns-Manville engineers found a 
material (and a method of using it) to tame 
this triple threat of heat, corrosion and 
vibration. 


Logically enough, they chose a material 
known for its great thermal endurance... 
Inconel. 

They had thin strands of this INCO Nickel 


Alloy knit into mesh and then tightly braided 
around an asbestos coil. Result: a J-M pack- 


GRADE 


MONEL* “K" MONEL* + “R" MONEL* + “KR” MONEL® “S” 


-temperature pr 
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As simply as this 


oblem 


ing that stubbornly resists the searing attack 
of hot, corrosive gases. 


Packings are but one of the many ways 
Inconel can help safeguard air travel. Con- 
taining 80 per cent nickel and 14 per cent 
chromium, Inconel gives you superior re- 
sistance to heat ... corrosion ... oxidation 
... Stress. 


Inconel is readily available in all standard 
mill forms — plate, strip, rod, tubing, wire, 
screening — to be fabricated into your design. 
(Frequently, a switch to longer-lasting In- 
conel means a simpler, lighter design.) 

Remember, if your problem is high tem- 
peratures ... your best bet probably is use of 
Inconel. Make it “first” in any investigation! 

Send for your copy of “ENGINEERING 
PROPERTIES OF INCONEL.” 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK 5S, WN. Y. 


NICKEL 2 ALLOYS 


MARK 


MONEL* INCONEL® WICKEL “L” WICKEL® WICKEL® 


Reg. U.S. Pat. Off. 


INCONEL MESH and INCONEL MESH-ASBESTOS PACKINGS, as illustrated above, are available from JOHNS-MANVILLE, 22 East 40th St., N. Y. C., 
in coil and tape form in various sizes. 


J 
* 
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According to Lieutenant Blodgett, 
the burden of designing, maintaining, 
and operating this equipment will fall 
on those in the schools today. 


Purdue University 


The McDonnell Aircraft film, Ex- 
perimental Aircraft of McDonnell Air- 
craft Corporation, together with the 
talk by Thomas Peppler, Chief Flight 
Test Engineer of M.A.C., featured 
the November 16 meeting. 

Kenneth Jordan, Chairman, pre- 
sided with 80 members and guests 
present. With new members, the 
Branch membership now totals 100. 


® Gas Turbine 
Components 


Intake Pipes 

Propeller Cuffs 
® Cowls 

® Collector Rings 

® Engine Mounts 

© Aluminum Tanks 


Sheet Metal 
Fabrication 


Sheet Metal 
Stampings 


LET US KNOW YOUR REQUIREMENTS 


Suppliers to manufacturers only 


AL 
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Rensselaer Polytechnic Institute 


On November 18, 150 members 
heard Lieutenant Colonel Fleming, 
Chief of Fighter Test Section, Wright 
Field, speak on ‘‘Jet Pilot Training.” 

His talk centered on the discussion 
of the many problems and hazards 
encountered in high Mach flights in 
jet planes, including oxygen supply, 
pressurization, and vision. 


Despite advances in pilot- 
ejection Colonel Fleming said 
most pilots will still take their chances 
on “crawling out of the cockpit.” 
The ejection unit, he said, has a force 


many 
units 


CYLINDER DEFLECTOR 
for PRATT & WHITNEY 
R-2000 TWIN WASP 

ENGINE 


Side view of 
R-2000 Engine 
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equivalent to 16g’ 
0.2 sec. 


s acting on a pilot for 


Stanford University 


A field trip to United Helicopters 
plant at Palo Alto was made De. 
cember | under leadership of Wendell 
P. Garton, Chairman of the Branch, 
The amazing maneuverability of the 
rotary wing plane was demonstrated 
by Joseph Stuart, III, Project Engi. 
neer, United Helicopters. 

Wayne Weisner, Engineering Man. 
ager, talked to the group on the gen. 
eral characteristics of United’s heli- 
copter, while’ Donald Jacoby, Aero- 
dynamicist and Flight Test Engineer, 
spoke on the C.A.A. test 
fication. 


for certi- 


Stewart Technical School 


At the November 
Army Air Forces Comes of. Age. was 
shown which followed the develop. 
ment of the A.A.F. prior to and after 
Pearl Harbor. William Blau, Chair. 
man, presided. There were 39 mem- 
bers present. 

A second film, shown at the Novem- 
ber 17 meeting, entitled A Thunder- 
bolt Is Made, showed the processes of 
production from procurement, storage, 
and fabrication of various elements 
until final assembly and testing of the 
P-47. 


3 meeting, a film 


Tri-State College 


Following the showing of three films 
at the November 22 meeting, Dino H. 
Kintis, a Student Member, spoke on 
‘“Marketing Problems.” 

Mr. Kintis broke down the indus- 
trial procedures into two parts: Pro- 
duction, which includes all activities 
relative to the actual making of the 
product; and Sales, which handles the 
distribution. It was on the latter part 
that the speaker dwelt. 

At the December 1 meeting, final 
meeting of the Fall term, plans were 
discussed for the forthcoming Term 
Banquet held on December 9 at which 
the speaker of the evening was Milton 
J. Kittler, Vice-President & Chief 
Engineer of Holley Carburetor Com- 
pany, Detroit. 

Reports also wére given on the two 
projects in progress within the Branch. 
Preliminary tests and calculations 
have been completed on the V-Tail 
Project, and the final report is ex- 
pected early this Spring. 

The films, Riveting Aluminum and 
Welding Aluminum, were shown, the 
final ones in a series depicting the 
methods and processes used in the pro- 
curement and development of alu 
minum for industrial purposes. 
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GEARS + CAMS + INTRICATE AND 
PRECISE MACHINE PARTS 


ll following that is growing 
steadily. Our customers, over 
the past 43 years, have con- 
tinued to send us their toughest 
gear problems. They have 
known that IGW'’s skilled 
craftsmen can meet their most 
rigid specifications. 


INDIANA GEAR WORKS «© INDIANAPOLIS 7, 


ENGINEERING 


IND. 
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. with CONCRETE 
| —the small extra first cost of 
< test samples pays off in assur- 
ance of efficiency and dura- 
bility of the finished structure. 


| 


with TRACING CLOTH... 


The small extra first cost of Arkwright 
Tracing Cloth, over that of tracing 
paper, repays many times over in the 
efficiency and durability of valuable 
drawings. 


Arkwright gives both immediate amd future advan- 
tages. The expert work of the draftsman is made 
permanent. Your investment in time and money is 
backed by sharp, clean reproductive quality. Under 
repeated use —or on file for subsequent need — 
Arkwright assures perfect drawing performance 
year after year. 


For every drawing worth keeping for future use — 
use permanent Arkwright instead of perishable trac- 
ing paper. Send now for generous samples and prove 
this superiority. Sold by leading drawing material 
dealers everywhere. Arkwright Finishing Company, 
Providence, R. I. 


The Big Six Reasons Why 
Arkwright Tracing Cloths Excel 
. Erasures re-ink without feathering. 
. Prints are always sharp and clean. 
. Tracings never discolor or go brittle. 
No surface oils, soaps or waxes to dry out. 
- No pinholes or thick threads. 


. Mechanical processing creates permanent 
transparency. 


ARKWRIGHT 


TRACING CLOTHS 


AMERICA’S STANDARD FOR OVER 25 YEARS — 


S/s | 
\ i 
Slolo! 
— 
The Main Drive Shaft for the Sikorsky S-52 Helicopter 


New officers for the Winter Term 
are as follows: Chairman, Edward C. 
Klein; Vice-Chairman, Harry D. 
Ballard; Secretary, Harry L. Roland; 
Treasurer, John F. Reinsch; Student 
Council, Francis C. Townes. Branch 
Reporter is Raymond F. Boose 


West Virginia University 


A business meeting was held No- 
vember 17 at which an amendment to 
the By-Laws was passed. Three films 
were shown, including The Modern 
Flying Carpet, Planes Without Pilots, 
and Jet Propulsion. 


University of Wyoming 


Election of officers at the November 
9 meeting resulted as follows: Chair- 
man, John L. Bailey; Vice-Chairman, 
Eugene M. Marshall; Secretary- 
Treasurer, Alvin J. Brungard; Honor- 


‘ary Chairman; Laurence R. Soderberg. 


A decision was made to have meet- 
ings bi-monthly and dues of $0.75 
quarterly 


News of Members 


(Continued from page 13) 


Division as Flight Engineer, flying the 
route from New York through Pars to 
Cairo on the Model 749 Connies and DC-4 
Skymasters. He recently was appointed 
to the board of engineers representing the 
Airline Flight Engineer Association of 
Wilmington-New Castle Section. 

Subramania Ramamritham left New 
York to accept an appointment as a senior 
Scientific Officer in the Indian Civil Avia- 
tion Directorate in New Delhi. 


Rodger F. Ringham, Aerodynamics 
Engineer of Chance Vought Aircraft, 
Stratford, Conn., has migrated with the 
company to Dallas. 

Frederick H. Roever is now with Mc- 
Donnell Aircraft Corporation as Engi- 
neering Planner. 

E.*F. Schmidt, last listed as an Ensign 
assigned to the Chinese Shakedown Dept., 
Guantanamo, Cuba, has just reported 
that he is Research Aeronautical Engineer 
at Cornell Aeronautical Laboratory since 
June, 1946. 

Hector R. Skifter, President, Airborne 
Instruments Laboratory, predicted all- 
weather flying will become routine for 
commercial air lines only after an elabo- 
rate. electronic computer has been de- 
veloped and proved capable of handling 
national traffic control pattern. Such a 
device, Mr. Skifter believes, ‘‘is possible 
within the next 10 years, if we all work 
hard at it.” 

Joseph William Straayer is Stress 
Analyst at Boeing Airplane Company, 
Seattle. 

Frank F. Taranto is with Wright Aero- 
nautical Corporation, Wood-Ridge, N.J., 
as Senior Test Engineer. He had been a 
Stress Analyst at Boeing—Seattle. 
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Kurt P. Wagenknecht is with M:Don- 
nell Aircraft Corporation as a Project 
Planner. He was with Trans World Air- 
lines as Production Control Supervisor, 
International Division in Delaware. 


FEBRUARY, 


1949 


Allen O. Whipple, Jr., who left Change 


Vought Aircraft last June is with Ci § 


Air Transport, Washington, 
Administrative Assistant Purchasing 
Agent. 


Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review 


Elected to Associate Fellow Grade 


Bennett, Arthur L., Ph.D. in Astronomy, 
Head, Ballistics Div., Naval Ordnance 
Test Station (Inyokern). 


Trapnell, Frederick M., B.S., Captain, 
Naval Aviator, U.S.N.; Coordinator of 
Tests at Naval Air Test Center (Patuxent 
River). 

Zakhartchenko, Constantine L., M.S.- 
Ae.E., Consultant, Cornell Aero. Lab. 


Transferred to Associate Fellow Grade 


Hamilton, Dale, Design Engineer, Pia- 
secki Helicopter Corp. 

Vincenti, Walter G., Engineer (Aero.), 
Research Specialist in Supersonic Aero- 
dynamics, N.A.C.A. (Moffett Field). 


Elected to MEMBER Grade 


Buss, Robert A., Supervisor of Pilot 
Ground School, Western Air Lines, Inc. 


Champion, Robert Louis, M.A., Profes- 
sor, Airways Design, Aero. Institute of 
Technology; President, Aviation Facilities 
Associates, Inc. (Rio de Janeiro). 

deRussy, John H., Col., U.S.A.F.; 
Chief, New Developments Div., Air Com- 
mand & Staff School, Air University (Max- 
well Air Force Base). 


D’Estout, Henri G., Inspector, Aircraft 
Service, Non-Scheduled Maintenance Div., 
Civil Aeronautics Administration. 


Feigenbaum, David, B.M.E., Sr. Re- 
search Engineer, Cornell Aero. Lab. 


Foster, John J., Technical Advisor, 
Aircraft Product Development, H. I. 
Thompson Co. 

Halpine, Charles Greham, M.S. in 
Ae.E., Capt. (Retired), U.S.N. 

King, Barry Griffith, Ph.D. (Physi- 


ology), Chief, Aeromedical Design & Ma- 
terial Div., Office of Aviation Safety, Civil 
Aeronautics Administration, Dept. of 
Commerce. 

Krieger, Andrew E., Jr., Lt. Col., U.S.- 
A.F.; Asst. Chief, New Developments 
Div., Air Command & Staff School, Air 
University (Maxwell Air Force Base). 

Lo, Hsu, Ph.D., Aero. Research Scien- 
tist, N.A.C.A. (Langley Field). 

Ohman, Clifford Byron, B.Ae.E., De- 
signer ‘‘B,’’ Consolidated Vultee Aircraft 
Corp. 

Rand, Thorkild, Ph.D., Chief, Static & 
Aeroelasticity Research, Research Dept., 
SAAB (Sweden). 


van Zelm, Willem D., Chief of New De- 
sign, The Glenn L. Martin Co. 


Transferred to MEMBER Grade 


Borst, Henry V., B.S. in Ae.E., & 
Aerodynamicst, Propeller Div., 
Wright Corp. 

Breslow, Stewart Homer, B. of Ae.E, 
Project Engineer, 24C Design & Projex 
Section, Westinghouse Electric Corp 

Cournyn, John B., M.S. in Engineering, 
Aero. Engineer, Ship Aircraft Coordina 
tor, Bureau of Aeronautics, Navy Dept. 

Eggers, Alfred John, Jr., B.S., Aero 
Research Scientist, High Speed Research 
Div., Ames Aero. Lab., N.A.C.A 

Fleddermann, Richard Grayson, MS. 
in Ae.E., Research Assoc. in Aerodynamits, 
University of Michigan. 

Gearhart, Jack Bruce, M. of Ae, 
Flight Test Engineer ‘‘A,’’ Northrop Air- 
craft, Inc. 

Miller, Robert A., B. of Ae.E., Aerody- 
namicist, Fairchild Pilotless Plane Diy, 
Fairchild Engine & Airplane Corp 

Pierpoint, Thomas Reynolds Vice 
President, American Helicopter Co. (Los 
Angeles). 

Rama Rao, Muthyala Venkata, B.E, 
Design Draftsman, Letecke Zavody, N.P. 

Ross, Sol Alexander, B.S. in M.E, 
Aerodynamicist, Aerophysics Dept., Good- 
year Aircraft Corp. 

Theriault, Paul William, B.S. in Ae.E., 
Dept. Mgr., Wind Tunnel, Lockheed Air- 
craft Corp. 

Townsend, Thomas Hewell, Jr., B. of 
Ae.E. and B.S. in M.E., Instructor of 
Statics & Dynamics, Mechanical Engi- 
neering Dept., Mississippi State College. 

Wallach, Bernard H., B.M.E., Develop- 
ment Engineer, Servo Corporation of 
America. 

Watson, Douglas C., B.Ae.E., Project 
Engineer, Edo Corp. 


Curtiss. 


Elected to Associate Member Grade 


Kuenzli, Alfred E., A.B., Editor— 
Technical Data Digest, Air Documents 
Div., Intelligence Dept., Air Materiel 
Command (Wright-Patterson Air Force 
Base). 

Meskel, Thomas John, B.S., Mgr., 
Member Services, Institute of the Aero- 
nautical Sciences, Inc. 

Raymond, William Thorpe, LL.B., Dir., 
Governmental Affairs, Air 
Association. 


Transport 


Transferred to Associate Member 
Grade 
Dastur, Jehangir C., Engine & Aircraft 
Maintenance Inspector, Jr. Grade I, Air 
Services of India, Ltd 
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TO REDUCE COSTS ON 
POWER TRANSMISSION 


@ If you are interested in transmitting power at lower cost, 

you will be interested in the design and performance of 
Foote Bros. Hypower Enclosed Worm Gear Drives. Both 
in design and manufacture, these units represent a new 
approach to the transmitting of loads. They incorporate 
greatly improved gearing made possible by a revolutionary 
new technique in generating gears. An air channel cylinder 
gives increased thermal capacity, and mechanical capacity has 
been increased by better metallurgical control of materials. 


All these developments, plus improved methods of manufacture, 
add up to a unit that is smaller in size—lighter in weight—a unit 
that will save you money in both original and operating cost. 


Foote Bros. Hypower Enclosed Gear Drives are made in hori- 
zontal and vertical types in a wide variety of sizes and ratios. Write 
for full information on the Hypower drives, or check with your 
Foote Bros. representative on any power transmission problem you 
may face involving any type of gearing or enclosed gear drive. 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. G, 4545 South Western Boulevard + Chicago 9, Illinois 


FOOTE BROS. HYPOWER 
ENCLOSED GEAR DRIVES 


INCREASE LOAD CARRYING CAPACITY 
A revolutionary new technique in gen- 
erating gears gives greatly increased 
load carrying capacity. 


INCREASED THERMAL CAPACITY 
One of the features contributing to the 
increased thermal capacity of these units 
is an air channel cylinder through which 
is drawn a stream of air at high velocity. 
This channel is immersed in an oil bath 
and has internal fins. 


REDUCTION IN SIZE AND WEIGHT 
New design and improved methods ot 


- manufacture make possible a much 


smaller reducer and effect a major sav- 
ing in weight. 


BETTER METALLURGICAL CONTROL 
Increased mechanical capacity is 
achieved through improved metallurgi- 
cal and foundry techniques starting with 
chemical analysis of virgin metal alloys 
and carrying this development through 
to improved production methods. 


SEND FOR BULLETIN 
Bulletin HPA gives com- 
plete information, dimen- 
sion and rating tables and 
selection data on Foote 
Bros. Hypower Enclosed 
Worm Gear Drives. Acopy 
will be sent on request. 
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Mehta, Rai Singh, Aero. Mechanic, 
Indian National Airways, Ltdy (New 
Delhi). 


Elected to Technical Member Grade 


Benulis, Walter Edward, B.S. in Ae.E., 
Liaison Engineer, Fairchild Aircraft Div., 
Fairchild Engine & Airplane Corp. 

Crespo, Sergio, M. of Ae.E., Capt., 
Engineering Branch, Chilean Air Force. 

Gill, John D., B.S. in M.E. (Aero.), 
Rocket Research Engineer, Process Div., 
Special Projects Dept., M. W. Kellogg 
Co. 

Kelso, George Charles, Engineering 
Draftsman, Aerodynamics Dept., North 
American Aviation, Inc. 


Transferred to Technical Member 
Grade 


Allen, Ralph Arthur, B.S. in Ae.E., 
Power Plant Engineering Draftsman, 
Boeing Airplane Co. (Seattle). 

Anderson, Harvey Edward, B.S. in 
Ae.E., Aircraft Mechanic (Experimental), 
Boeing Airplane Co. (Seattle). 

Ashkenas, Harry, M.S., Research Engi- 
neer, California Institute of Technology. 

Bacus, Faustino B., A.A., Engineering 
Draftsman “‘B,’”’ Northrop Aircraft, Inc. 

Baker, Marvin E., Capt., Pilot, U.S.A.F.; 
Project Engineer, Hdgqs., Air Materiel 
Command (Wright-Patterson Air Force 
Base). 

Brown, Robert Benton, B.S. in Ae.E., 
Aerodynamicist, Boeing Airplane Co. 
(Seattle). 

Celniker, Leo, M.S. 

Ciccotti, James Mario, B.S. in Ae.E., 
Aero. Engineer, Technical Intelligence Div., 
Aircraft Section, Wright-Patterson Air 
Force Base. 

Coon, Lloyd Ralph, B.S., Aero. Engineer 
P-1, N.A.C.A. (Langley Field). 

Craft, Richard D., Engineering Drafts- 
man “‘A,’’ Electronics Dept., Hughes Air- 
craft Co. 


ENGINEERING REVIEW 


Crowe, William Michael, Jr., Minor 
Detail Draftsman, Republic Aviation Corp. 

D’Aiutolo, Charles Thomas, B.A.E., 
Aero. P-1, N.A.C.A. (Langley 
Field). 

Davis, Milton Willard, B. of Ae.E., 
Research Engineer, United Aircraft Corp. 

de Oliveira, Leao Goncalves, A.A. in 


Ae.E., Engineer, D.E.T.A., T.A.P. (Portu- 
gal). 


Engineer 


Dilworth, Marcus Clayton, B.S., Engi- 
neering Draftsman, Consolidated Vultee 
Aircraft Corp. (Ft. Worth). 

Galentine, Paul G., Jr., Ist Lt., Pilot, 
U.S.A.F 

Gensel, Theodore Reginald, Draftsman, 
The Glenn L. Martin Co. 

Guerin, Roland L., Jr., B.S. in Ae.E. 

Hare, Paul White, Jr., B.S., Structural 
Design Engineer, Chance Vought Aircraft 
Div., United Aircraft Corp. 

Hauser, George H., Jr., M.S.E., Flight 
Test Engineer, Air Materiel Command, 
Wright-Patterson Air Force Base. 

Hayes, Robert D., M.S. (Aero), 
chanical Engineer, Geneva Steel Co. 

Hermann, Paul J., B.S. in Ae.E., In- 
structor in Theoretical & Applied Me- 
chanics, Lowa State College. 

Klein, Norbert Herman, B.S. in Ae.E., 
Aero. Engineer, Piasecki Helicopter Corp. 


Me- 


Langley, George Raymond, A.A. in 
Ae.E., Jr. Engineer, Boeing Airplane Co. 
(Seattle). 

Lied, Alf S., Engineer, Boeing Airplane 
Co. (Seattle 

McDermott, Andrew Charles, B.S. in 
Ae.E., Draftsman, Universal Oil Products 
Co. 

McHenry, Gordon, B.Ae.E., Engineer- 
ing Technician, Dynamics Section, Lock- 
heed Aircraft Corp 

McNay, Curtis Eugene, 
Designer, Solar Aircraft Co. 

Mielke, Florren Walter, B.S. in Ae.E., 
Sr. Draftsman, Goodyear Aircraft Corp. 


BS.. Ac.E., 


FEBRUARY, 1949 


Mosena, Melbourne L., B.S., Planning 
Engineer, North American Aviation, Ine 

Newman, Morris, B.S. Ae.E 

Paglianete, Francis Joseph, B.S. iy 
Ae.E., Flight Test Engineer, Air Materig 
Command, Wright-Patterson Air 
Base. 

Prough, Robert L., Draftsman, 
Douglas Aircraft Co., Inc. (El Segundo), 

Royal, Edmund Robert, 
Engineering, Detail 
Co. 

Schmitt, Thomas Joseph, B.S. in AeB. 
SP-5 Engineering Aide, David Taylor 
Model Basin, Navy Dept. 

Sheppard, Milton H., Jr., B.S, 
neer, Parks Aircraft. 

Snitkoff, Joseph, B. of Ae.E., Stress 
Engineer, Goodyear Aircraft Corp 

Steen, Clarence H., B.S. in Ae.E., Act. 
ing Air Force Secretary, Committee op 
Scientific & Synthetic Analysis, Research 


Force 


Equipment 
3, General Electric 


Engi. 


& Development Board, U.S.A.F. (Wash. 
ington, D.C.). 
Tarricone, Michael John, 


Stress Analyst, Goodyear Aircraft Corp. 

Thompson, Hugh Bradley, M. of Ae.B, 
Aerodynamicist ‘‘A,’’ Northrop Aircraft, 
Inc. 

Thorson, Kenneth Raymond, B.S. in 
Ae.E., Stress Analyst, Boeing Airplane 
Co. (Seattle). 

Ventura, Angel H. 

Walls, James Herbert, B.S. in Ae®, 
Aero. Engineer, The Impact Loads See- 


tion, Loads Div., N.A.C.A. (Langley 
Field). 
Weiss, Solomon, B.Ae.E., Aero. Re- 


search Scientist, N.A.C.A. (Cleveland). 

Wick, Robert S., M.S., Instructor, 
Fluid Mechanics, Dept. of Mechanical 
Engineering, L. C. Smith College of Ap- 
plied Science, Syracuse University 


Woffinden, Frank B., Jr., B.S., Mathe- 


matician, North American Aviation, Ine. 

Zobel, Edward Charles, B.S. in Ae.E 
Instructor in Engineering 
Wayne University 


Mechanics, 


Changes of Address 


date to ensure receipt of every issue of the JOURNAL and REVIEW. 


Notices should be sent directly to: 


Since the Post Office Department does not as a rule forward magazines to forwarding addresses 


it is important that the Institute be notified of changes in address 30 days in advance of publishing 


Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, New York 
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AERONAUTICAL ENGINEERING 


THERMOCOUPLE 
CONNECTOR PANELS 


For 
TEST 
STAND 
or 
FLIGHT 
TEST 


OPERATIONS 


QUICK COUPLING—POSITIVE SPRING CONTACTS— 
COMPACT—FLEXIBLE 
These panels provide a quick and easy method for con- 
necting groups of th ples to py t Made 
in various combinations with any, number of connectors. 
Plugs and Jacks are made of thermocouple material for 
lron Constantan, Chromel Alumel or Copper Constantan. 
Spring Jacks lock plugs in position and maintain perfect 
contact. Write for our catalog section 21, Reference B. 


ELECTRIC CO. 
FAIR LAWN, 


NEEDED IN TEXAS! 


ENGINEERING 
DRAFTSMEN 


ENGINEERING 
DESIGNERS 


AERODYNAMICISTS 


The nation’s fastest expanding industrial area has 
immediate openings and excellent opportunities in 
world’s finest aircraft plant. Personnel will be used 
for research and development work on B-36, world’s 
largest bomber, and other advanced Air Force designs. 
Positions are also available for tooling personnel. 


Write for. application blank to 


Engineering Personnel Office 


CONSOLIDATED VULTEE 
AIRCRAFT CORPORATION 


Fort Worth Division 
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DEPENDABILITY v4 


YOU'VE GOT IT — WITH A “CAL-AERO TECH” GRADUATE 

—— DESIGNERS AVAILABLE 
Immediately useful, without break-in 
EXPERIENCE 

4000 hours on board and in aircraft shops, with fundamentals and actual 

work assignments under supervision of Aircraft Factory Experienced 

Designers—Specializing in design of component parts—proficient in 

layout, strength checking and manufacturing process analysis. 


HIRE A “CAL-AERO” GRADUATE—HE’LL DELIVER THE GOODS 
NEW CLASS GRADUATES EACH MONTH 
Serving DOUGLAS + LOCKHEED - NORTH AMERICAN + BOEING 
NORTHROP + CURTISS-WRIGHT - CONVAIR + RYAN 
AIRESEARCH and MANY OTHERS 
PHONE OR WRITE 
CAL-AERO TECHNICAL INSTITUTE 
GRAND CENTRAL AIR TERMINAL - GLENDALE 1, CALIF. 


Rapidly expanding Engineering Department of North 
American Aviation, Inc., needs qualified 


AERODYNAMICISTS 
THERMODYNAMICISTS 
STRESS ANALYSTS 
AIRCRAFT DESIGNERS 


and specialists in all phases of aircraft engineering, for 
work on military projects. Experience in fields other than 
aircraft engineering may be adaptable. Please include 
summary of experience in reply. 


Engineering Personnel Office 


NORTH AMERICAN AVIATION, INC. 
Los Angeles Airport, Los Angeles 45, Calif. 


PROJECT ENGINEERS 


Real opportunities exist for Graduate Engineers with 
design and development experience in any of the fol- 
lowing: Airplane Stability and control, Serv h- 
anisms, radar, microwave techniques, microwave 


antenna design, communications equipment, electron 
optics, pulse transformers, fractional h.p. motors. 


SEND COMPLETE RESUME TO EMPLOYMENT OFFICE 
SPERRY GYROSCOPE CO. 


DIVISION OF THE SPERRY CORP. 
GREAT NECK, LONG ISLAND 


Structures Engineer: For preliminary design 
group studying new types of aircraft. Four to 
five years’ experience in stress analysis and 
structural design required. Advanced degrees 
with two or three years’ experience acceptable. 
Should be thoroughly familiar with analysis of all 


major components of airframe. 


In reply, please give resume of personal qualifi- 
cations, education, experience and salary to 
NEPA DIVISION, Fairchild Engine and Airplane 
Corporation, Post Office Box 415, Oak Ridge, 
Tennessee. 


’ 
| 
| ENGINEERS — 


NAVY’S new SA 
NOW IN PRODUCTION AT DOUGLAS 


More speed...more range...more altitude— 
characterize the powerful new twin-jet fighter 
now being built by Douglas for the U. S. Navy. 

Christened F3D Skyknight, the two-place com- 
bat craft is designed to equip Fleet carriers for 


24-hour, all-weather operations. It is adaptable 


EL SEGUNDO PLANT OF 


as an attack fighter, long-range patrol or recon- 
naissance plane, or as a long-range fighter cscort. 

The Skyknight is the newest in a long line of 
dependable aircraft built for the Navy by 
Douglas Aircraft’s E] Segundo plant, producers 


of military aircraft for 17 years. 
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This Section is for the use of individual members of the Institute seeking new connections and organizations offering 


employment to aeronautical specialists. 


WANTED 


Industrial Engineer—U.S. Civil Service Grade 
p-5, starting salary $6,235.20 per year. Basic 
Requirements: A graduate engineer, experienced 
in methods, cost control, and budgeting work. 
Will be expected to initiate studies and work 
with cognizant department heads toward more 
efficient use of research and development and 
support funds through improvement of organiza- 
tion and improved use of man power. Will 
initiate and supervise maintenance of work 
measurement and progress record programs 
Applications for the above position should be 
filed with the Executive Secretary, Navy Depart- 
ment, Joint Board of U.S. Civil Service Examin- 
ers, 1030 E. Green St., Pasadena 1, Calif. 


Thermodynamicist; Flutter Engineer—M.S 
in engineering, with some training in aeronautics. 
Thorough mathematical background, working 
knowledge of compressible fluids, engineering 
thermodynamics and heat transfer, experience in 
gas-turbine work preferred. For analysis and 
development work on engines for advanced 
military aircraft. Also Flutter Engineer: A.E 
graduate with several years’ experience in flutter 
and vibration problems. Salaries commensurate 
with training and experience. Please include 
complete summary in reply to Engineering 
Personnel Office, North American Aviation. 
Inc., Los Angeles Airport, Los Angeles 45, Calif 


Aeronautical Engineers—Fairchild Aircraft 
Division, Hagerstown, Md., has vacancies in its 
Engineering Department at Hagerstown and also 
branch engineering office, Washington, D.C., for 
engineering draftsman, layout engineers, aero- 
dynamicists, electrical engineers, structures, and 
tesearch engineers (with Ph.D. in Math or 
Physics). For immediate details write Employ- 
ment Manager, Fairchild Aircraft Division, 
Hagerstown, Md. 

Engineers— Engineering draftsmen, engineering 
designers, and aerodynamicists for research and 
development work on B-36, world’s largest 
bomber, and other advanced Air Force designs. 
Positions are also available for tooling personnel. 
Write for applicati-n blank to Engineering Per- 
sonnel Office, Consolidated Vultee Aircraft Cor- 
poration, Fort Worth, Tex. 


Research Engineer—For analysis of internal 
flow conditions and stress design of motor cases 
for jet propulsion devices. Five to 15 years of 
technical experience preferred. Jet propulsion ex- 
perience helpful but not necessary. Problems in- 
volve knowledge of some thermodynamics, fluid 
flow, and stress analysis. This represents an 
opportunity with a young and rapidly growing 
activity. Salary offered will depend on experi- 
ence. Write to: Thiokol Corporation, Elkton 
Division, Box 244, Elkton, Md. 


Organic, Inorganic, and Physical Chemists— 
Immediate openings. Ph.D.’s preferred. Men 
with firm background in the following; formula- 
tion development, chemical kinetics, organic syn- 
thesis, mechanisms of reactions, inorganic syn- 
thesis, mathematics, thermochemical measure- 
ments, physical constant measurements. Appli- 
cants must furnish information concerning experi- 
ence, personal data, recent photo, required salary 
and college transcripts. All correspondence will 


writing to the Secretary of the Institute 


be kept confidential. Apply: Aerojet Engineer- 
ing Corporation, P.O. Box 296, Los Angeles 
County, Azusa, Calif. 


Aeronautical, Electronic, and Electrical En- 
gineers—The Aeronautical Structures Labora- 
tory of the Naval Air Experimental Station is 
seeking engineers in several fields for employment 
in Philadelphia, Pa. Fifteen vacancies exist for 
aeronautical, electrical, and electronic engineers 
and engineering aides. Applications are desired 
from persons who have had training and ex- 
perience in the fields of engineering described be- 
low. Applications for the positions should be 
made on Standard Form 57, available at any first- 
or second-class post office, and should be mailed 
to Industrial Relations Officer, Naval Air Ma- 
terial Center, U.S. Naval Base Station, Phila- 
delphia 12, Pa. Aeronautical Engineers (Struc- 
tures)—Structural development and flight tests. 
Analysis of loads in aircraft components imposed 
by high air speeds and accelerations; static and 
dynamic testing of aircraft structural features; 
development of test equipment, methods, and 
procedures; analysis of data; and preparation of 
reports. Six P-1 grades at $2,974.80 per year and 
three P-2 grades at $3,727.20 per year are open. 
Electrical and Electronic Engineers—To develop, 
evaluate, and operate special laboratory and 
flight-test equipment. Includes direct and remote 
recording (Telemetering) equipment, the pickup 
instruments, such as strain gages, accelerometers, 
air-speed indicators, altimeters, etc. One P-1 
grade at {2,974.80 per year, two P-2 grades at 
$3,727.20 per year, and two P-3 grades at $4,479.- 
60 per year are open. Engineering Aides—Pro- 
vide assistance to professional engineers perform- 
ing the duties described above. Prepare sketches 
for laboratory test preparations. Provide liaison 
between laboratory and engineering offices. 
Record data such as strains and deflections. Make 
tabular calculations and prepare graphs as direct. 
One SP-5 position is open; salary $2,724 per year. 


Electrical Engineer—To coordinate and de- 
velop electrical equipment for rocket motor 
projects such as ignition systems, starting, instru- 
mentation, test equipment, interlock and limit 
switches; should be familiar with aircraft stand- 
ards. Address: Administrative Engineer, Rocket 
Department, Curtiss-Wright Corporation, Pro- 
peller Division, Caldwell, N.J. 


Liaison Engineer—Basically a good designer 
familiar with rocket motor development to co- 
ordinate development work of staff engineers with 
customer and contract requirements. Address: 
Administrative Engineer, Rocket Department, 
Curtiss-Wright Corporation, Propeller Division, 
Caldwell, N.J. 


Technical Writer—To prepare service, opera- 
tion, overhaul, and similar data on rocket motors 
and their associated equipment. Address: Ad- 
ministrative Engineer, Rocket Department, Cur- 
tiss-Wright Corporation, Propeller Division, Cald- 
well, N.J. 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 
which inquiries should be addressed. 
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Any member or organization may have requirements listed without charge by 


Aircraft Dynamics Engineers—For research 
work on subsonic and supersonic flutter, vibration, 
dynamic loads, stability and control of super- 
sonic thissiles, and helicopter dynamic problems. 
Applicants must have good background in funda- 
mentals of applied mechanics and mathematics. 
Advanced degree or previous experience in field is 
essential. Salaries commensurate with training 
and experience. Cornell Aeronautical Labora- 
tory, Employment Office, 4455 Genesee St., 
Buffalo 21, N.Y. 


Helicopter Engineer—Experience in helicopter 
aerodynamics and stress analysis required. Apply 
in writing with a résumé of experience and educa- 
tion to American Helicopter Company, 900 N. La 
Brea Ave., Inglewood, Calif. 


930. General Manager—For long-established 
company, near Cleveland, manufacturing both 
commercial and aircraft pumps for oil, fuel, air, 
and for water injection, also valves, etc. Manage- 
ment experience encompassing the direction of 
sales and familiarity with Navy and Air Force 
contract procedures and requirements are es- 
sential requisites for this position. Preferential 
consideration will be given if such experience is 
supplemented by intimate knowledge of design, 
‘manufacture, and sales of pumps. Company has 
good supporting organization and has maintained 
excellent labor relations. Outstanding prospects 
for a successful future for right man. Application 
must give complete information of past experience 
and management background with at least two 
responsible references. Also state salary require- 
ment. 


AVAILABLE 


940. Aeronautical Engineer—B. Aero. E., 
1938. Ten years’ experience in aircraft produc- 
tion, material, new design, and sales-engineering. 
Past 3 years domestic and foreign sales contact 
work; has supervisory and public relations 
experience. 


939. Aeronautical Instructor—Administrator 
—Unusual background: Degree‘in physics, also 
major in chemistry, Johns Hopkins. Three 
years teaching and administrative experience, 
U.S.A.F. technical schools in engine test, car- 
buretion specialization, flight-line maintenance. 
Instructor in aviation mechanics for the Brazilian 
Air Force and assistant chief of the Engineering 
Projects Division for the Brazilian Ministry of 
Aeronautics, serving as administrative chief of 
400 Brazilian technicians. Considerable  ex- 
perience in personnel administration in the 
U.S.A.F. as civilian chief instructor and also as 
engineer in Brazil. Has just returned from a 3- 
year stay in South America. This last year 
spent only in traveling and observing all South 
American countries. Can speak and write fluent 
Portuguese and Spanish. Any location. 


938. Personnel Manager—B.S. Ae.E. and 
M.S. in Industrial Psychology, both Purdue. 
Two years engineering department international 
air line. Present position—personnel manager, 
West Coast firm. Location open. 


937. Engineer—Swedish aircraft engineer who 
visited U.S.A. during 8 months in 1947 wants to 
come back. Head of Air Force project group, 
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NOW —study in detail 
the facts of 


ROCKET PROPULSION ELEMENTS 


By GEORGE P. SUTTON 


This first engineering book on a 
hitherto restricted subject explains 
the basic elements, technical prob- 
lems, physical mechanisms, and 
design of rocket propulsion systems. 
The author presents many sample 
calculations taken from actual 
rocket design computations as a 
means of demonstrating the theory. 
The book includes descriptions of 
_tocket motor and feed system de- 
sign, discusses liquid and solid 
rocket fuels, and gives instructions 
for testing motors. 
January 1949 294 pages 
ON APPROVAL COUPON 
JOHN WILEY & SONS, INC. 
440 Fourth Avenue, New York 16, N. Y. 
Please send me, on 10 days’ approval, a copy of 
Sutton’s ROCKET PROPULSION ELEMENTS. If I 
decide to keep the book, I will remit $4.50 plus post- 
age; otherwisc, I will return the book postpaid 
Name... 
Address 
Employed by .. . 
(Offer mot valid outside U.S. 


$4.50 


AER-2-49 


AERONAUTICAL 


ENGINE COOLING 
RADIATORS 


OIL COOLERS 


The G«0 Manufacturing Co. 


NEW HAVEN, CONNECTICUT 


ENGINEERING 


well experienced in transonic and supersonic 
aerodynamics, stress analysis, and project engi- 


neering. 


Technology in Stockholm. 


936. Management or Executive Engineer 
Graduate Engineer, age 37, with over 13 years 
of aircraft experience on Navy airplanes with one 


company. 


7 years’ experience in stress, analysis, airplane 
structural design and testing including responsible 
charge of the stress analysis section; over 5 years 
in project engineering work in charge of the de- 
sign and development of an experimental and 
major production Navy airplane, including broad 
engineering administrative and supervisory ex- 
perience in responsible charge of all design de- 
velopment work and customer contact on several 


airplane designs 


responsible position with an aircraft manufacturer 
or allied industry seeking management or execu 


tive talent 


934. Instrumentation and Liaison Engineer 
Twelve years’ all-around experience on experi- 
mental reciprocating type aircraft. 
one-half years specializing on development, manu- 
facturing, and installation of special instrumenta- 
tion for experimental jet aircraft. 


ence on instrumentation 


related work 


932. Engineering, Management, or Adminis- 
tration—B.S. in M.E. and Masters Degree in A.E 
Over 20 years’ experience in aircraft and missile 
and flight test involving 
Directly responsible 
for design of at least eight airplanes. 
perience includes 13 years of stress analysis, 
testing, flight test. 
years of this period supervised all of the above in 


design, manufacture 
C.A.A., Army, and Navy. 


project design 


capacity of chief engineer. 


Eight years’ experience in teaching. | 
Advanced degree 1945 at the Royal Institute of 


Background involves: approximately 


over a year’s experience in a 
manufacturing supervisory capacity. 


on guided missiles. 
Desires position on West Coast or in South in 
Single, age 29; 
would consider service engineering position 


Factory manager re- 
sponsible for planning, tooling, and production 
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Desires a 
constant 


across a plane obli- 
que shock wave and 
the Prandtl-Meyer 
expansion relation. 
Three and The third section 
gives the results of 
the Taylor-Maccoll 
theory for flow past 
a cone at zero angle 
of attack. 


Some experi- 


free to travel; 


Name 
Address 
Zone..... 
Employed by 


Detail ex- 


The last 7 


1949 


A working guide for solving 
compressible fluid problems 


COMPUTATION CURVES 
FOR COMPRESSIBLE 
FLUID PROBLEMS 


By C. L. DAILEY and F. C. WOOD 


This publication provides the aeronau- 
tical engineer with a set of workin 
charts to assist him in handling every. 
day problems in compressible fluids, 
The charts are presented in three sec- 
tions. The first includes local point 
functions of Mach number which de. 
scribe the state of the gas and relations 
to determine the changes in the flow of 
variables caused by heat addition in a 
area channel. 
section gives the relations for flow 


January, 1949 33 pages and 26 charts 
JOHN WILEY & SONS, INC. 

440 Fourth Ave., New York 16, N.Y. 

Please send me, on 10 days’ approval, a copy of Dailey 
and Wood's COMPUTATION CURVES FOR COM- 
PRESSIBLE FLUID PROBLEMS 
keep the book, I will remit $2.00 plus postage; other- 
wise, I will return the book postpaid. 


Offer not valid outside U.S 
ee 


for 3 years, then assistant general manager. 


Manager of divisions of two large corporations 


for the last 5 years 


931. Engineer-Lawyer—B.S. in M.E. (Aero 


nautical Option) in 1942. 


Desires responsible position 
as engineering or management executive. 


Four years’ experience; 


PIASECKI 


1 year in stability research in a N.A.C.A. wind 


tunnel; 3 years in the Navy as maintenance of 
aircraft and in BuAer as assistant on a design 
Will graduate from Stanford Law School, 
Desires position in which both back- 
Prefers West Coast 


desk. 
May, 1949. 
grounds will be useful. 


929. Aeronautical Engineer—Fourteen years’ 
in aircraft design. B.S. in 
M.E.°1934 from Guggenheim School of Aero- 
York University. Has held 
position as designer, project engineer, chief aero- 
dynamicist, and acting chief engineer and has 


experience, last 10 


nautics of New 


For Research, Development, 
and Production of Tandem Rotor Helicop- 
ters. Long term program offers excep- 
tional opportunity for ambitious, pro- 
gressive engineers with training and ex- 


perience as— 


been active in design of metal and wood aircraft 


for Navy and civil use, helicopters, and propellers. 


Desires responsible position requiring imagination 
East Coast preferred. 


and activity. 


928. Aeronautical Operations Engineer—Just 
completed installation of passenger and cargu 
America. 


service in South 


operations engineer with an outstanding record. 
Winterization expert and specialist on sub-zero 
Former superintendent U.S. Air 
Capable of supervising flight-test opera- 
tions or assuming position as assistant to busy 
Former general manager of air line. 


operations. 
Mail. 


executive. 


STRESS ANALYSTS 
PROJECT ENGINEERS 


Efficient, capable 


FLIGHT TEST and 


WRITE 


927. Management, Engineering Administra- 


tion—Age 46, born New York; 2 years Rens- 
selaer Polytechnic Institute; 2 years University of 


Virginia; 


schools. Approximately 9 


special courses civilian and service 
years’ aircraft con- 
struction with four aircraft concerns; 8 years’ ad- 
ditional as naval officer assigned as the Bureau of | 
Aeronautics Representative at three major air- | 


Top Flight 
ENGINEERS 


AIRCRAFT DESIGN ENGINEERS 
MECHANICAL DESIGN ENGINEERS 


VIBRATION ENGINEERS 


INSTRUMENTATION ENGINEERS 


Giving Age, Experience and Education to— 


HELICOPTER CORP. 


Morton, Pa. (Phila. Suburb) 
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PERSONNEL 


craft plants Associate Fellow I.A.S., Member 
s.C.E., Theta Tau, Rensselaer Society of Engi- 


A. 
neers, Phi Delta Theta. 


926. Manufacturers Representative—Aero- 
gautical operations engineer, highly capable sales 
and technical representative. 
in aviation field. 


Twenty-five years 
Well and favorably known to 
most aircraft manufacturing and aircraft operat- 
ing executives. Has outstanding record in aero- 
gautics. Recently operating in South America. 
Prefers Pacific Coast assignment, but will con- 
sider Eastern connection. 


925. Research Associate Professor—Six years’ 
yniversity training as aeronautical engineer. 
Five years in design and production of Navy air- 
caft; 3 years’ teaching combined with experi- 
mental research. Desires permanent position as 
research supervisor and graduate teaching op- 
portunity Special field—supersonic and trans- 
onic aerodynamics. Family housing essential. 


924. Engineer—Graduate (Majors in Physics 
and Mathematics) of University of California. 
One year’s graduate work in Physics. Five 
years’ experience as a stress analyst and dynam- 
icist in aeronautical engineering. 


923. Writer, Technical or Advertising— Will 
help sell product, proposal, or idea by writing 
ads, booklets, promotional publicity 
articles, or reports; will edit, ghost-write, or col- 
jJaborate on technical articles. Writes technical 
descriptions that are easy to understand by non- 
technical 


letters, 


men. Experienced engineer, able to 
see things from prospect's point of view, analyze 
products, pick out points that appeal, and present 
them in manner that Full or 
part time. Detroit area, unless special job can 


be handled by mail. 


invites action. 


B.S. 
32 years of age; 
10 years’ experience, of which last 6 in 


922. Engineer, Sales or Administrative 
in Mechanical Engineering; 
single ; 


A 


(AIRSURANCE 


Airline Passenger Insurance 


Annual Policies 
from $5,000 to $100,000 


at new low rates 
No Physical Examination + No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $38.00 per year 


Policies cover all 
irlines in U.S. end 
Americon Flag lines 
world-wide — olso 
sirlines in Canede, 
Mexico end South 
America which meet 
tefe operating 


Backed by the 
Combined Assets of 


Aetna Casualty & Surety Co. 

American Surety Co. of N. Y_ 

Century Indemnity Company 

Hartford Accident & Indem- 
nity Co. 

Maryland Casualty Co. 

Massachusetts Bonding & 
Insurance Co. 

New AmsterdamCasualty Co. 

Standard Accident Insurance 
Company 

Travelers Indemnity Co. 

United Stotes Fidelity & 
Guaranty Co. 


WRITE OR PHONE ANY U S. GROUP OFFICE 


UNITED STATES AVIATION UNDERWRITERS 
NEW YORK 7, 
CHICAGO 
LOS ANGELES 


80 JOHN ST. « 
WASHINGTON 
ATLANTA 


various aircraft engineering capacities; former 
officer Marine Corps aviation, licensed pilot. 
Will consider any offer in excess of $6,000 per 
annum, will furnish complete details of experience 
and recommendations immediately upon request. 


920. Aeronautical Engineer—Wind-Tunnel 
Assistantship and M.S. in Aeronautics, Cal Tech. 
Nine years’ experience all phases of aerodynamics 
including performance, stability, flight-test, pre- 
liminary design. in wind-tunnel 
testing including model design, preparation of 
programs, testing and tunnel operation, analysis 
of results, and company representation for air- 
craft and missile projects. 


Specializing 


919. Industrial and Aeronautical Engineer— 
B.S. in Mechanical and Electrical Engineering; 
2 years’ postgraduate aeronautical engineering. 
wide experi- 
ence operating, maintenance, and overhaul vari- 
types aircraft and engines. Retired as 
Commander, U.S.N. Four years’ shop superin- 
tendent in factory manufacturing aircraft and 
aircraft engines. Five years’ quality manager for 
one of the largest aircraft manufacturers. De- 
sires position as quality manager or manufacturing 
executive. 


Twenty-one years’ naval aviator; 


ous 
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SCIENCES, GENERAL 


MATHEMATICS 


Tables of Bessel Functions of Fractional Order. 
Vol. 1. Computation Laboratory of the National 
Applied Mathematics Laboratories, National 
Bureau of Standards. New York, Columbia 
University Press, 1948. 413 pp. $7.50. 

Tables are presented for the fractional orders 
Jv(x) = #1/3, =2/3, =1/4, and +3/,, occurring in 
such problems of applied mathematics as elas- 
ticity, "head conduction, hydrodynamics, and 
wave theory. A bibliography of 30 texts, tables, 
and articles on theory and physical applications is 
included. 


Eleven and Fifteen-Place Tables of Bessel 
Functions of the First Kind, to All Significant 
Orders. Enzo Cambi. New York, 
Publications, Inc., 1948. 154 pp. $3.95. 

The main table gives /»,(x) for a varying from 0 
to 10.5 at intervals 0.01 to 11 places, and for u = 
0 (1) 29. <A supplementary table gives J 
for x varying from 0 to 0.5, at interval 0.001, to 15 
places of decimals; u is extended up to u = 11— 
that is, through all values of J,(a), for the range 
of x in question, which are greater than 107'5. 


Dover 


STRESS ANALYSIS & STRUCTURES 


Plastic Deformation, Principles and Theories. 
L. N. Kachanow, N. M. Bel-aev, A. A. Ilyushin, 
W. Mostow, and A. N. Gleyzal. Ed. by Henry H. 
Hausner. Brooklyn 4, N.Y., 5414 17th Ave., 
Mapleton House, 1948. 192 pp., diagrs. $8.00. 

Contents: On the Mechanics of P’astic Solids, 
by L. N. Kachanov; Theories of Plastic De- 
formation, by N. M. Beliaev; Some Problems in 
the Theory of Plastic D:cformations, by A. A. 
Ilyushin; Relation Between the Theory of Saint 
Venant-Levy-Mises and the Theory of Small 
Elastic-Plastic Deformations, by A. A. Ilyushin; 


The Theory of Small Elastic-Plastic Deforma- 
tions, by A. A. Ilyushin; Plastic Deformation of 


” Thin Plates Under Hydrostatic Pressure, by 


Wolfe Mcstow; Plastic Deformation of a Thin 
Circular Plate Under I ressure, by A. N. Gleyzal. 
The first five papers were translated for The 
David -W. Taylor Model Basin from Russian 
sources published between 1937 and 1946. The 
last two papers report research done under direc- 
tion of the U.S. Navy during World War II. The 
papers are reproduced by permission of the U.S. 
Office of Technical services 
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Tracing cloth 
that defies 
time 


@ The renown of Imperial as the finest in 
Tracing Cloth goes back well over half a 
century. Draftsmen all over the world prefer 
it for the uniformity of its high transparency 
and ink-taking surface and the superb quality 
of its cloth foundation. 

Imperial takes erasures readily, without 
damage. It gives sharp contrasting prints of 
even the finest lines. Drawings made on 
Imperial over fifty years ago are still as 
good as ever, neither brittle nor opaque. 

If you like a duller surface, for clear, hard 
pencil lines, try Imperial Pencil Tracing Cloth, 
It is good for ink as well. 


IMPERIAL 
TRACING 
CLOTH 


SOLD BY LEADING STATIONERY AND DRAW- 
ING MATERIAL DEALERS EVERYWHERE 


= 
| 
nts 
ign 
Ip- 
| 
| 
| 
| | 


84 AERONAUTICAL 


ENGINE 


ERING REVIEW 


-FEBRUARY, 


1949 


CORPORATE MEMBERS 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


ACADEMY OF AERONAUTICS, ENC. 
CASEY JONES SCHOOL OF AERONAUTICS 
AEROJET ENGINEERING CORPORATION 


AEROPRODUCTS DIVISION, GENERAL MOTORS COR- 
PORATION 


AEROQUIP CORPORATION 

AGAWAM AIRCRAFT PRODUCTS, INC. 

AIRBORNE INSTRUMENTS LABORATORY, INC. 
AIRCHOX COMPANY DIVISION, JOYCE AVIATION, INC. 
AIRCRAFT RADIO CORPORATION 


AIRESEARCH MANUFACTURING COMPANY, DIVISION 
OF THE GARRETT CORPORATION 


ALLIS-CHALMERS MANUFACTURING COMPANY 
ALLISON DIVISION, GENERAL MOTORS CORPORATION 
ALUMINUM COMPANY OF AMERICA 
AMERICAN AIRLINES SYSTEM 
AMERICAN BOSCH CORPORATION 
AMERICAN OVERSEAS AIRLINES, INC. 
ICELAND AIRPORT CORPORATION (SUBSIDIARY) 
AMERICAN PHENOLIC CORPORATION 
ASSOCIATED AVIATION UNDERWRITERS 
ATLAS SUPPLY COMPANY 
BEECH AIRCRAFT CORPORATION 
BELL AIRCRAFT CORPORATION 
BENDIX AVIATION CORPORATION 


BENDIX INTERNATIONAL DIVISION 
BENDIX PRODUCTS DIVISION 
BENDIX RADIO CORPORATION 
ECLIPSE-PIONEER DIVISION 
FRIEZ INSTRUMENT DIVISION 
PACIFIC DIVISION 
SCINTILLA MAGNETO COMPANY 
THE BG CORPORATION 
BOEING AIRPLANE COMPANY 
SEATTLE DIVISION 
WICHITA DIVISION 


BREEZE CORPORATIONS, INC. 
AIRCRAFT STANDARD PARTS COMPANY, INC. 
ALDRICH COMPANY 
ANDERSON STOVE COMPANY, INC. 
FEDERAL LABORATORIES, INC. 
FOUNDRY SERVICE, INC. 
CAL-AERO TECHNICAL INSTITUTE, A DIVISION OF 
GRAND CENTRAL AIRPORT COMPANY 
CANADAIR, LTD. 
CESSNA AIRCRAFT COMPANY 
CHANDLER-EVANS DIVISION, NILES-BEMENT-POND 
COMPANY 


CHASE AIRCRAFT COMPANY, INC. 
CHASE NATIONAL BANK OF THE CITY OF NEW YORK 
THE CLEVELAND GRAPHITE BRONZE COMPANY 
THE CLEVELAND PNEUMATIC TOOL COMPANY 
AUTOMOTIVE-AIRCRAFT DIVISION 
CLIFFORD MANUFACTURING COMPANY, oe OF 
STANDARD-THOMSON CORPORATI 
. CONSOLIDATED VULTEE AIRCRAFT 
FORT WORTH DIVISION 
STINSON AIRCRAFT DIVISION 
CONTINENTAL MOTORS CORPORATION 
CURTISS-WRIGHT CORPORATION 
AIRPLANE DIVISION 
PROPELLER DIVISION 


WRIGHT AERONAUTICAL CORPORATION DIVISION 
DOAK AIRCRAFT COMPANY, INC, 


DOELCAM CORPORATION 
DOUGLAS AIRCRAFT COMPANY, INC. 


EL SEGUNDO PLANT 
LONG BEACH PLANT 
SANTA MONICA PLANT 


OF THE 


THE DOW CHEMICAL COMPANY 

DZUS FASTENER COMPANY, INC. 

EASTERN AIR LINES, INC. 

EATON MANUFACTURING COMPANY 
DYNAMATIC CORPORATION (SUBSIDIARY) 
EATON-WILCOX-RICH LTD, (SUBSIDIARY) 

THOMAS A. EDISON, #NCORPORATED, INSTRUMENT 

DIVISION 

EDO CORPORATION 

ELASTIC STOP NUT CORPORATION OF AMERICA 

ELECTROL INCORPORATED 

ETHYL CORPORATION 

FAIRCHILD CAMERA & INSTRUMENT CORPORATION 
FAIRCHILD AERIAL SURVEYS, INC. 

FAIRCHILD ENGINE AND AIRPLANE CORPORATION 
AL-FIN DIVISION 
FAIRCHILD AIRCRAFT DIVISION 
FAIRCHILD PERSONAL PLANES DIVISION 
FAIRCHILD PILOTLESS PLANE DIVISION 
NEPA DIVISION 
RANGER AIRCRAFT ENGINES DIVISION 
STRATOS CORPORATION (SUBSIDIARY) 


FEDERAL TELEPHONE AND RADIO CORPORATION 
FEDERAL ELECTRIC MANUFACTURING COMPANY, 
LTD 


FEDERAL TELECOMMUNICATION LABORATORIES, 
INC. (PARTIAL SUBSIDIARY) 
GENERAL ELECTRIC COMPANY 
AIRCRAFT GAS TURBINE DIVISION 
AVIATION DIVISIONS 
GENERAL TIRE AND RUBBER COMPANY OF CALI- 
FORNIA, RESEARCH AND DEVELOPMENT DIVISION 
THE B. F. GOODRICH COMPANY 
THE GOODYEAR TIRE & RUBBER COMPANY 
GOODYEAR AIRCRAFT CORPORATION 
GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
W. & L. E. GURLEY 
INSURANCE COMPANY OF NORTH AMERICA COM- 


INSURANCE COMPANY OF NORTH AMERICA 
THE ALLIANCE INSURANCE COMPANY OF PHILA- 


DELPHIA 

PHILADELPHIA FIRE AND MARINE INSURANCE 
COMPANY 

INDEMNITY INSURANCE COMPANY OF NORTH 
AMERICA 


THE INTERNATIONAL NICKEL COMPANY, INC. 
IRVING AIR CHUTE COMPANY, INC. 


JACK & HEINTZ PRECISION INDUSTRIES, INC. 

JOHNS-MANVILLE SALES CORPORATION 

WALTER KIDDE & COMPANY, INC. 

KOLLSMAN INSTRUMENT DIVISION, SQUARE D COM- 
PANY 


LAVELLE AIRCRAFT CORPORATION 

LEAR INCORPORATED 

LEBANON STEEL FOUNDRY 

LINK AVIATION, INC 

THE LIQUIDOMETER CORPORATION 

LOCKHEED AIRCRAFT CORPORATION 
AIRQUIPMENT COMPANY (SUBSIDIARY) 
LOCKHEED AIR TERMINAL (SUBSIDIARY) 


LOCKHEED AIRCRAFT OVERSEAS CORPORATION 
(SUBSIDIARY) 


LOCKHEED AIRCRAFT SERVICE, INC. (SUBSIDIARY) 
LONGINES-WITTNAUER WATCH COMPANY, INC. 
THE GLENN L. MARTIN COMPANY 
GLM CHEMICAL DIVISION 
ROTAWINGS DIVISION 
WARREN McARTHUR CORPORATION 
McDONNELL AIRCRAFT CORPORATION 


MINNEAPOLIS-HONEYWELL REGULATOR COMP, 
BROWN INSTRUMENT COMPANY (SUBSIDI ARY) 
MOORE DROP FORGING COMPANY 
NATIONAL CITY BANK OF NEW YORK 
NATIONAL CREDIT OFFICE, INC. 
NORTH AMERICAN AVIATION, INC. 
NORTH AMERICAN AVIATION, INC., OF TEXAS 
NORTHROP AIRCRAFT, INC. 
NORTHWEST AIRLINES, INC. 
OWENS-CORNING FIBERGLAS CORPORATION 
PAN AMERICAN WORLD AIRWAYS SYSTEM 
THE PARKER APPLIANCE COMPANY 


PESCO og DIVISION, BORG-WARNER COR. 
PORATIO! 


PHILLIPS COMPANY 
PURE OIL CO 
RADIOPLANE COMPANY 
REPUBLIC AVIATION CORPORATION 
A. V. ROE CANADA LIMITED 
JOHN A. ROEBLING’S SONS COMPANY 
ROHR AIRCRAFT CORPORATION 
RYAN AERONAUTICAL COMPANY 
SHELL OIL COMPANY, INC. 
SIMMONDS AEROCESSORIES, INC. 
SOCONY-VACUUM OIL COMPANY, INC. 
SOLAR AIRCRAFT COMPANY 
SPERRY GYROSCOPE COMPANY DIVISION OF THE 
SPERRY CORPORATION 
SQUARE D COMPANY 
STANDARD OIL COMPANY OF CALIFORNIA 
STANDARD OIL COMPANY (INDIANA) 
STANDARD OIL COMPANY OF NEW JERSEY 
TELECOMPUTING CORPORATION 
THE TEXAS COMPANY 
THOMPSON PRODUCTS, INC. 
TINNERMAN PRODUCTS, INC. 
UNION CARBIDE AND CARBON CORPORATIUN 
BAKELITE CORPORATION 
ELECTRO METALLURGICAL COMPANY 
HAYNES STELLITE COMPANY 
THE LINDE AIR PRODUCTS COMPANY 
NATIONAL CARBON COMPANY, INC. 
UNITED AIR LINES, INC. 
UNITED AIRCRAFT CORPORATION 
CHANCE VOUGHT AIRCRAFT DIVISION 
HAMILTON STANDARD PROPELLERS DIVISION 
PRATT & WHITNEY AIRCRAFT DIVISION 
SIKORSKY AIRCRAFT DIVISION 
UNITED AIRCRAFT EXPORT CORPORATION 
UNITED AIRCRAFT SERVICE CORPORATION 
UNITED STATES AVIATION UNDERWRITERS, INC. 
UNITED STATES RUBBER COMPANY 
DOMINION RUBBER COMPANY, LTD. 
VICKERS, INC. 
WARNER AIRCRAFT CORPORATION 
THE WEATHERHEAD COMPANY 
ANGOLA, INDIANA DIVISION 
COLUMBIA PRODUCTS DIVISION 
HOUMA DIVISION 
THE WEATHERHEAD COMPANY OF CANADA 
(SUBSIDIARY) 


WESTINGHOUSE ELECTRIC CORPORATION 
AVIATION GAS TURBINE DIVISION 
INDUSTRIAL ELECTRONICS DIVISION 
MARINE & AVIATION SALES DEPARTMENT 
SMALL MOTOR DIVISION, AVIATION SALES 
WESTON ELECTRICAL INSTRUMENT CORPORATION 
WYMAN-GORDON COMPANY 
YOUNG RADIATOR COMPANY 


| 
. 
| 


AERONAUTICAL ENGINEERING REVIEW—FEBRUARY, 1949 


MPANY- 
SIDIARY) 


Creative engineering at AiResearch 


NER 


Meeting and solving the critical problems 
of high-altitude and high-speed flight has 
been the basic job of AiResearch for nearly 
a decade. As planes fly higher and faster, 
AiResearch engineers fez constantly on 
equipment to compensate for the terrific 
heat, cold, and pressures encountered by 
the new super jets and giant transports. 


1 . AiResearch laboratory facilities include 
numerous atmosphere chambers where alti- 
tudes up to 70,000 feet can be simulated and 
temperatures dropped to -110° F. Here a 
cabin supercharger is being readied for a 
high-altitude test. 


2 Many areas are restricted by the Army 
Air Force and Navy Bureau of Aeronautics. 
In this concrete blockhouse a new gas 
turbine for use as a self-starter for jet 
aircraft is being developed. 


3 A new type AiResearch oil cooler for 
jet powered aircraft is about to be tested 
in a refrigerated wind tunnel at -—35° F. 
AiResearch is currently producing 75 
different heat exchanger assemblies in the 
oil-to-air, oil-to-fuel and air-to-air categories. 
A Here an air cooling turbine test setup is 
being made inside one of the many sound- 
proof test cells. AiResearch turbines are 
among the most efficient ever developed. 


@ AiResearch engineers, designers of 
rotors operating in excess of 100,000 
mp.m., invite your toughest problems 
involving high-speed wheels. Special- 
ized experience is also available in 
creating compact turbines and com- 
pressors; actuators with high-speed 
rotors; air, gas and fluid heat ex- 
changers; air pressure, temperature 
and other automatic controls. 


Write: AiResearch Manufacturing Company 
Los Angeles 45, California 


AiResearch 


DIVISION OF 


THE GARRETT CORPORATION 


85 
a 
| 
TEXAS 1 come 2 
N 
ION 
NC 
% 
a, 


86 AERONAUTICAL ENGINEERING REVIEW—FEBRUARY, 1949 


Gyro Flux Gate* 
Compass System 


Dual Radio and Magnetic 
Compass Indicator 


IT’S ALWAYS 
PRECISION NAVIGATION 
WHEN PIONEER™ POINTS THE WAY 


The crisp precision of Eclipse-Pioneer navigation instruments has become 
a byword with the men who rely on them every day. For, all Eclipse- 
Pioneer aircraft equipment is built to the same high standards of quality 
and dependability that have made the name famous. The care and spe- 
cialized craftsmanship that earned this priceless reputation have been 
developed through years of experience, dating from the earliest days of 
aviation history. Now, Eclipse-Pioneer stands as one of the foremost pro- 
ducers of fine instruments and accessories for the aircraft industry. Whether 
your problems involve research, production or performance, you can be 
sure you have chosen well when you let Eclipse-Pioneer point the way. 


*REG. U.S. PAT. OFF. 


AVIATION CORPORATION 


Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, New York 
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Magnetic 
cator 


* Specifications and further information on the aircraft 
products of these companies will be found in the 


1948 AERONAUTICAL ENGINEERING CATALOG 


The only publication of its kind devoted exclusively to the aircraft industry, 
this CATALOG serves as a valuable buyers’ and reference guide to sources 
and specifications on aircraft materials, parts, and accessories. 
tributed annually to Chief Engineers, Designers, Production Heads, and 
Purchasing Departments of all leading Aircraft, Aircraft Engine, Instrument, 
Accessory, and Aircraft Parts Manufacturers; 
Army, Navy, and Governmental Agencies; Research Organizations; Engi- 
neering Libraries; etc. 


It is dis- 
Air Transport Companies; 


Published Annually by 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street 


New York 21, N.Y. 
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LIGHT WEIG 


THIRD IN A SERIES OF 
SAGES ON COMBUSTION 
HEATERS FOR AIRCRAFT IND! 


minimize ductwork puzzles 


Janitrol Aircraft Heaters save weight — and increase payload — in two important ways. 
They give maximum heat output per pound of weight installed (some deliver more than 
7000 BTU per hour per pound)! 
But most important: they save many times their own weight by minimizing distribution 
system ductwork. Another contributing factor to this is the low ventilating air pressure 
drop characteristic of modern Janitrol aircraft heaters. Independent of the engines, they 
can be installed practically anywhere in the aircraft. You can rely on them to function—safely 
and dependably — in practically any position. They will heat the aircraft on the ground, as well as in flight. 7 
The famous Janitrol Whirling Flame—an exclusive feature of proven efficiency and dependability ' 
— is employed in the complete range of sizes and ratings, from 15,000 to 700,000 


BTU per hour. For help on any heating problem in military or commercial aircraft, call your nearest 


Janitrol representative. 


ROUAg AIRCRAFT and AUTOMOTIVE HEATER 


cA 


AIRCRAFT-AUTOMOTIVE DIVISION » SURFACE COMBUSTION CORPORATION, TOLEDO, OHIO 


New York, N. Y., 225 Broadway © Kansas City, Mo., 950 ‘Dierks Building © Los Angeles, Calif., 536 Petroleum Building ® San Francisco, Calif., 1150 Folsom Street 
Central District Office, Engineering Development and Production, Columbus, Ohio © Headquarters, Toledo, Ohio 
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